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other work done by Smarl & Whisker (19%) on the effect of =cia! repitching on the 

hydrophobicity of an .Ie sttain showed d,at d",tt ""OS no signific.nt chang. in d,e cell 

hydrophobiciry irrespective of the number of time, the cell was reused, Robinson (2001) 

inve,cig.>ted th. diff.r<ncc lxtwecn the surface propertie, of anaerobically and aerobically 

propagoted yeasts and condlXled lhat aerobic propag.>tion yield.; yeast which is k" 
hydrophobic .nd more negatively charga:!, 

Ud. T H E CELL ENVELOPE INTU;~I'I"t 

An important a'pecl ot ),e-ast qualily i, the physical and functional integrity of the cell 

ennolOf>e. Th. cdl envelope i, made up of a rig><! cdl "..rt and a plasma membrane. The 

membrane i , .eparated from the cdl "..rt by a peripla' mic space (J\ute & Oliver, 1991). The 

cell wall is S{) rigid that som. of d", enzyme, secreted by dle ye .. t cell, end up gelting tt:ilpped 

in the peripl .. nUc ' pac<: (TLlite & Oliver, 1991), A <chemo.tic of the cell wall structure is 

outlin~-d bdow tn l'igutt 2.1. 

" .. -
· •. "e 

Figure 2.1' Schematic of the yeast cd! ~'flvdopc, Adapted from Waller, (1998) 

The cell wall consi,t, of mainly m.nnoprolcin and gluean, There are oUler cell ",all 

constituents .uch as chitin and Epi:d but th."" or. rr=t in rd.tively ,rruill amounts. Glucan 

i, a long twisted chain cont21ning bod, hydrophilic and hydrophobic ' ide< (Figure 2.2), 'The 

hydrophilic side chain cont';'" hydroxyl groups whilst the hydrophobic side con lOll. 

methane group". The hydrophobic , ide chUn. interact ",-ith one .nod,,:r and form. a double 

hdix; it is this doubk helix fonn thal describe. the rigldity of th. j'east cell .nvclop._ It ha, 

been predicted thaI d,e covalent bond. between mannoprotcin and glucan and hydrophobic 

lllleractions beN;eetl mannoprotcim gives the inner cd l wall it, structure. In other word" a 

change in the amount of mannoprotein in the yeaS! suspemion from which y._" ha, been 
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removed will give an indic.Lion of cell wall imegrity (Basoon, 1'.1')6). An incre""e in the 

anlOunt of trurulojl<otrin released indicates in=se in cdl dunage 

• • 

Fig\lte 2.2: Gluean structure. ;\dapted from Immunity InfonnmiOll Ne",·""k (200J) 

L", s of cell mcmbr:w.e integrity result. in the rel",ooc of intracellular compounds imo cile bttr, 

which ha, .n effect on its quolity (t;kCaig & Bendiak, 1985b). 1bese compounds affect the 

flavour charactecisncs and the cl~rity of the bttr by fonning ~er haze' (O'Connor. CD:.<, 

1'.194). TI,e hazes formed can .ffect the filterability of the hec< hecau5C of the incr",ooe in the 

concentration of fIne po.rud"" (Siebcrt ,J aJ., 1987). The fonnatiOll of beer haze. is associated 

with the rele .. e of gluean, mannoprotein and cite enzyme' invert .. e and melibiose from the 

cell wall (Lewis and i'onwantaro, 1991). Depending on the raLio of prOicin to co.rbohydr:o.te in 

the hoz.c m.tcrial, the ongin of the material C~n be dct<:rmined i. e. whether it is from the cell 

"...u, cile cell contents or barley (Siebert ,1 d, 1981). lbi, give .. an indication of whether the 

cd! ",,,.dope distuption i, pm.J Or compk:lc. Siebert ;t al (1981) found that the .moo.:lnt of 

haze in yeast slur.}' om be me,osured by particle size di,tribution. Other compounds that ore 

released as a result of loss of cell wall integrity ore prote.se,. Rele.se of prote.se ha, • 

negative effect on the foam stability of l:x:cr (Ormrod" al., 1'.1')1). 

~ YEAST YlTAU TY 

Daoud and Seo.rle (1986) ""fined vitality is a m=Utt of cile physiological.tate of yeasL It is 

important thaI yeasl VltaIity is assessed before the yca't can be used in fcnncntauon. In the 

brewery, yeost vimlity i. 'luootifying by mco..uring ill; viability. Daoud and Searle (1'.186) 

quoorified yeasl vital.ity by measuring the specific Ol:ygtn uplake role md th<:y concluded that 

theIe is a direcl relationship betw""n fenneut.tion perfonnance and yeast Vltality. A changc 

in the physiological. ,late of yeasl can re,ult from 6thcr a change in the metabolic pathway, 

leading to compromised beer flaVOUr< or change, in metabolic rat"" and bioma" growth. 
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Figur~ 2,3: Embden-Meyerhol-Pannas pathway. Adapted from Walker (1998) 

Dliring fcrmcntation, yeast., conv~n "'gan such a., maltose and sucro.,~ firstly to 
mono.<accharide, (glu cose), then to p)",uvic acid and fin,)lly to c,)rbon dioxidc, ~n~rgy and 

eth,ulOl. This mct,)bolic p,)(hway hywhich gluco,," i., converted to ethanol as.,hown in Figure 

2.3 is known a, the Emhden-Meyerhol-Pannas (EJylP) pathway. Aside Irom these principal 

products, other minor products ,uch as fusel alcohols, esters, ot'ganic ,Kids and aldchydcs arc 
also formed (\'<'alker, 1999). Ex,unplcs ofthcse minor pt'oduct, that arc regularly monitored 

in beet' to asscss its fhwour profile are: acetaldehyde, mlphur dioxide and diacetyl. 

Ac~tald~hyde is formed from th~ interaction between pyruvate and pyruvate carboxyh)se, 
sulphur dioxide i, fOlmed from thc biosynthcsi., of cy,tcine md mcthionine whil ~, diacctyl is 

formcd from the metabolism of amino acids. The,~ minor product, vary depending on the 

yea't main and culture condition> and th"y contriblltcto thc bcerflaVOllt' (\v'alkcr 1998). TI1C 

presence of these compound., in cxccssive amount.' will cauS/: an undesirahle heer flavour. In 
a smdy by Pickerell eta!' (1991), the effect of yC;l.St handling on bcerflayour W,)S invc.,tigatcd 

and it was condlldcd that advct'sc ye,)st h,)ndling re"lIlted in high l ev~h of diacetyl and 

sulphur dioxide at the end of fermentation. High temperature, prolonged yeast storage, 

hacterial contamination and the cell concentration are >ome of the factOr> thM affect di<l<:etyl 

production. 

Anaerobic ferrwntation in the brewing prCK'''''' involv", the conversion of maltose to ethan"l 
and carbon dio",ide, From the stoichiomctric equ,)tion ofthi., proce,"', theyiddofethanol on 

malt"sc should he 48.8% but it usually i., less than that because of the accumulation of 
,torage products such as trdlalns~ and glycogen, the initial urohic growth of yea,ts and 

"thanol inhihition. During aerobic growth, stored glycogen 1, lll€taboliscdin th~ pr~s~nce of 
oxygen to sternls, lInsaturated fatty acid, and energy (pickerell et al., 19'91). The ~n€f6'}' 
produced as a result of this mewbolism is used for mainten,Ulcc and growth (Walker, 1'198). 
This implie.that the raU ol yeast metabolismi! affected by initial glycogen concentration and 
the amount of oxygcn pre.'~nt in wort (pick~ rell ct al., 1991), 
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dilatant flu"-:!s itx:rcases "ith itlCreas ~ slr ar stress or r,1,\~ . -"lost biojop,;aI. fluid,; are psemh. 

plastK: in nanlR (Dor-ln, 1995). 

Table 2.3: dassification of fluids based 011 their rheology. Adapted fmm Doran (1995) 

- -- f,>; - ...,~-

• 
".~" - II . , " -'. 

0 

, I /' 1>«",.",' w,'" """""'" .,,, t· ,;, ... ,,' ,.-
",' .. -, / .. ~, _K ,. 

0 

0_ h 4 
.........",,, .. 

''''.~ .. ,..,., ,. ~ r' ... _ .. , .... , . " .. 
~, • ~T 

. 

~, .. ,~ ... -. v< , ... "",;01 ,.,., .. ,- · , • ",.K,' "" .h<" .... • • ~,." "" V , .. ,,<oJ<.l , 
'" ~ -'iI,~_ • • 

• I "" ,., •• <n" . - ~ 
-~-~. "~'" • '<;'"'(, .... *"', " ... -.. ,,-• • -. - •• 

",~"tonim, pseuJoplastic and dilatant f1um are grou~d '-, p<,,,,-.,r law tluick TIl!' rheobgical 

eqwIion of state for ... nyp<,wer law liqmd is giwn b}~ 

where: K 

• II =-= " r 

comi,tency index 

flow bchal'oor index 

Equalion 2.2 

In the case of pscuk>-plastK:S or ,h~ar thinning l1uiJs, n<1 and ,he apparcm viscosity 

dec",a,e, wilh increasitlg shear rarcs. J-k,v,'cvcr, the rev~",e is the Gl,e lor Jiluams or skar 

thickning fluids. For l\:e"tonian fluid" n i., lUllly. Bingham plastic tluids arc fluids that have 
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2,M MiXING TI:>m 
"fixing titnc i, defined .. , the lime uun for the conantration of ~ m~terial to be blended in a 

ve .. el to re~ch ~ degree of uniformity following addition of a perl\l[bation such as addition of 

a tracer. It h~s been defined for ~ uniformity of 6(,,7, 95, 99 and 99.99% depending on what is 

!nO" .uiuble for the proce,.. Khang and J..e,.-en'piel (1976) ruscovered th.t the COnCettWltiOll 

of the mat.rial to be mixed beh,,-ed like a "nu'oidal dWlped r.'pon,. WIth the mixing time 

curve falling between. pair of exponential curve. which are oppositely 'igned (Figure 2.6). 

, - . 

0." 

2: M 

"f o • 

," 
, ~i'-" 

• . , 
0) , -, 

1 0 

• '"" 
~ -v,_' .. _CA , ., 
! ·C.6 

" -C.B 

'''6-IJh-• " ;S 

V / 
./ 

, / 
Time 10 ,,"chieve unifo""ily, 1m 

figure 2.6: Graphical repreoemation of the tracer re'pome 

In the ca se where the di'p<rsion of the tracer i. a sinuwidal dWlped re'pon •• , Equation 2.14 
can be used to alcul~t. the mixing time, 

where' 

In(I-U) ; .. - _ .. _ ... _ .. _ ..... _ .. _ ... _ ... _ .. _. 
. '. 

fractional degree of uniformity 
lime to ~chkve the uniformity, 

Equ~tt()n 2.14 

miIing rate COmUn. for turbulent flow (lime") 

For some inciu,trles a mixing time of90% uniformity i, perfectly ,uimblc and the implication 

of h~ving more or Ie .. uniformity has to be determined by =efu] experimental anaiy>l, of the 
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E.t:penmenta:ll'madur", J·2 

3.2 TIlE MICRO-ORGANISM 

Brcwer's YC;l.St, SacdX4mm)~nOrt·i/lSia<,S;\ll5 was obtained from ,hc y~ast coll~ction v~.,,,, l 

(YCV) of th~ SAIlMiller in )Jewlands (Cape Town, South Africa). Th~ Y~""tu.,ed had been 
pr~vio""ly involved in ,hc prodllction of Olstle Lager Beer, i, in sta,ionary phase and 
harvts,ed at 4'G The ycast history for each ~xperill1em is given in Appendix D. 

3.3 YEAST RHEOLOGY 

The apparent viscosity of th~ y~a't '''''pen.,ion was measured by llsing the H~c VT 5SO 
viscometer ~t 2S"C. The vi,comerer u>€s coaxial cylindcrs to detcrminc th ~ shear stre ... , and 
vi>emit)" a, th~ .,hear rate changes. There are number of sensors and the criteria ""ed to 

choo~ a suitable sensor ;J.re: oper~ting shear rate, temperatnre, and type of Quid. The s.eJlSOr 
system used in this ca", i, the MV·DIN" rotor sysrem (Figure J.1). This sensor systcm consists 
of mc MV cup ~nd the DIN rotor with an annul"" .'pacing or l.64mm in size. MY sensorsuc 
nsefnl for wh~n working at medillm shear r;J.'cs (5-1888 s") ~nd DIN 537R~ rOlor i., med for 
wattr·based suspensions. Thc system rumen,iom are recorded in Tablt 3.1. In order to 
control the remperatnre, the s~mor i, connected to a water bath. The densi,}, of the fluid was 
me~Sllred by the no;e of DMA 55 calculating density meter from Anton l'~ar. 

Figurt 3.1: Set-LIp for sensor system 
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3.5 MIXING STUDIES 

Mixing.,tudies were conducted by ming 2m! of 3M KCI solution as the tracer. Thetracerwas 
injected at rhe botwru of the vess€l (point A in Figul"<' 3.2) as a pulse at time, t - Q and the 

conduniviry recorded over time by the use ofYS13C-10 SCT portable conductivity meter 

(United Scientific, Cape Town). The calibration o[ the condunivity merer is described in 
Appendix E. The conducei,-iry rueter is adjacent to the tracer port and just below the liquid 

level (Figure 3.2). Bottom injection w,,", chosen over and above top injection t",cau5e the 
standard deviation o[ the equilibrium conducriviry and rhe standard error obtained from-' 

replicates were lower (Table 3.2). The ~verage ye...,t concentration med in Table 3.1 i.,4C% 

wet weight. Rushton turbine at 800rpm effected rhe mixing. 

CO<l(lllUivi'f 
mel" 

-~ 

, 

Jr 

/ 
Figure 3.2: Experimemal seHlp for determining mixing time 

Tracer 

Table 3.2: Difference in t", for top and bottom injection detCl-mined at 808 rpm and 

yeast concentration of 40% (based on wet weight) 
Top Injection 

Equilibrium oonduaiviIy(mSicm) '~.3C 

S,'-11d..J-J Jc'Vi~tio" 0.84 

28.4 
28_~ 

Bottom I njcctioOl 

0_.17 

4.91 

Mixing rime is deGned as the time ~t which the standard de,-iation o[ the dara points was 
between 5-tC% of the final conductiviry (Moo . .y oung er ai., 1972)_ An example is shown in 

Figure 3.3. The yeast suspension used to obtain the dara in Figure J.J had a concentr~tion of 
41.9% wet weight (11.1% dry weight) and w effect mixing ~ Rushton turbine at an agitarion 

rate o[ 400 rpm. The conductivity was monitored [or between Sand 15 minutes depending 

on the concentration of the yeasr suspension. 

Mixing time wa, obtained for different cdl concentration<. Changing rerupenwl"<', intensity of 
agitation and the type of agitawr v~ried the environment of the bioreactor. The ye~st 
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mspcrtsion coosidered had concentrations between 30 and 60% wet weight (8.0 _ 17% dry 

weight). The two tcmpcmture setting,; used were 4 md 14"C. A Rushton turbine impeller 

(mdial mixing) and 45" Pitched Bhtdc impeller (axial mixing) were used to vary the type of 

agil::>tion while the intensity of agitation was varied by using a range of impeller speeds 

bern'ceo 200 and SOOrpm (tip speeds between 0.72 and 2.89ms '). 

S 
0 -:1. 

r 
0 
0 
0 
0 

0 

~ 
~ 
u 

(LlJ 

---------------------------- ------- ----- ---, - -----------------

'-oo 

C.'IO 
! - - _"::'.::' v-'" 

~/ 
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'" 
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! "'~ / , , 

, / 
~1~ 

, 

J.1l' 
V 

Time (0) 

Figure _,,3: Grnphical representation of wna collected to <.kwnnine mixing time 

Imp<ll<<: RoidltC>tl ru!bin< ., 400 <pm; Y •• " <one.nlno"" of 41.9% wet weight 

JJi EOUIPMENT 

, , 

n( 

The apparatus used to investigate the opcoring vario.blc, of yeast ,tor:J.gc,:<' shown in Figure 

3.4, consisted of a jacketed stirred tank of Stllt\dard geometry. The vessel geometry 1, 

proyided in Table 3.3 and the impeller dimenSlOl]s and de' ign glven in Section 3.B.2. 

T·,hlc 3 3· Vessel Geomeuy of Yeast Agitation System 
Dimen.ion Dim cnoion Ratio I mm 

T 140,(' 

H J40.(' HiT ,.00 
C -'3.2 Ci I' O. :i~ I 

The tonk was a flat-bottomed 1-litre glass yes.el with a sealed lid haYing a wOtking volume of 

0.91 litre". To ensure uniform temperature, ~ 250/. ethylene glycol solution was recycled from 

a R·1E-8 Endocal pmgr:unmahlc circulating tefrigerator to the vessel jacket. The temperamre 
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of the coolant was conuol1ed at 4"C. 'The apparatus was maintained under anaerobic 

conditions by ensuring a nitrogen hcadspace. The niuogen gas was bubbled through distilled 

water to humidify it. The vessel contents wetC agitated with the use of either a Rushton or 

pitched-blade impeller fitted to a stainles. steel shaft and a Heidolph Stirrer (Labate<:, Cape 

Town, Republic of South Africa). 

Figure 3.4: Experimental .et up 

U COMPART"l"G XCV AND EXPERIMEKT:ll RIG 

Stiner 

["'I'"lI<r 
& Sh.ft 

CoobntOm 

'{he YCV is a cylindroconico.l vessel that is used to S10re cropped , east for between 4 and 48 

hours afTer the brewery fermentation is complete and ~fore Ie-u"" in anothn fennentation. 

£kfme the suspension IS stored in the YCV, it is cooled from 14 to 4"C in a plate and frame 

h""t exch=ger. The "esse! and impeller dimensions for the yeast collection ,-esseis used at 

SABl>liller Newlands Brewer)' and the labomtoty ""perunental rig ate reported in Table 3.4. 

Agitation t:ates for the experimental system were chosen to provide common impeller til' 

"J><'eds with those used at Newlands Brewery. The impeller type used in the YCV is the 2-

bladed Scandi brew impeller. Reynold. Number (N,J , she.." rate and apparent viscosities are 

compated across the different vessels and yeast concentr:l.tions in Table 3.5. The shear r.l.tes 

shown in Table 3.5 were calculated from E<Juation 2.2. At low concenuations « 15.0% wet 

w6ght), the yeast SllSpension exhibits the rheology of a Newtonian fluid and ~t high 

concerttr:l.rion •• the rheology is non-Newtonian, hence the reason for calculating N,« for 

different yeast concentr;l.tions. 
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two or more T,:iIr'T ...... r" are nvc~stlgated ................... u~u 

In 1. 

Anova: yeast on 

2 195 97.6 0.045 
1 2 194 96.9 0.011 
3 2 196 98.0 0.216 
4 2 196 98.1 0.007 
6 2 195 97.6 0.027 

5 488 97.6 0.207 

Error 0.291 4 0.073 

1: 

F 
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0 2 190 94.9 1.07 
1 2 185 92.5 8.64 
4 2 194 97.2 0.108 
6 2 191 95.3 1.92 
8 2 183 91.6 4.72 

" 5 470 94.0 6.07 
./ 

5 

Error 15.7 4 3.92 

0 2 195 97.6 0.015 
1 2 196 98.2 0.162 
3 2 191 95.3 8.30 
4 2 195 97.6 0.199 
6 2 194 97.1 0.376 

5 488 97.6 0.443 
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1 
2 
3 
4 
5 

Aver e 93.7 

±1.1 

0.95 

1.02 
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93.68 93.07 
0.91 1.21 

5 4 
4 3 

F 1.32 
0.384 

6.59 

Mean 93.68 93.07 
Variance 0.91 1.21 

5 4 
Mean 0 

6 
t Stat 0.880 

0.206 
1.94 

0.413 

t-test two 
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Ex Ex 2 
1 0.035 
2 0.032 
3 0.034 
4 0.035 

Aver e 0.034 0.034 

0.001 0.001 

3.7 4.2 

G ucose con 

1 0.64 

2 0.64 1.72 

3 0.62 1.88 

4 0.62 1.88 

5 0.63 

0.63 1.83 

0.01 0.08 

1.7 4.2 
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1-igur~ 4.4: K"Producibility of "m~lI·.cale fermentation 

4,4.3.2 Reprod ucibility of small-scale fermentation experiments 

'Ibe growth. substrate utilisation, viability. budding indices and carbon diOlcide fortrultion and 

cell dry weight curve" obtained from 4 """,l1_"cale fermentation replicate. were compared in 

Figure 4.4. The ANOVA was used to ~onclude whether there is a differcn~e between the 

n::plic~tive . ample .. c\ summary of the probabilities obw:ned are .hown in Table 4.4 and of all 

" _, 
· ' ..... ' _. _. 
• A" 

• 
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Reprooucibility of Remits 4-1Z 

tht resulrs, carbon dioxide formation and th~ viability data au not reproducible at a 9O')b 

confidence leveL Th~ full ANOVA tahl~ is recorded in Appendix C3. 

Table 4 4' ,\NOVA for small-scale fermentation .. 
.. 

~ ~ , 
, c.n 

, 0.00.17 

h 

, " , , 

It can k condud~d from Table 4.4 that rhe difference in the viability and carhon dim:id~ 
formation data are significant at 90% confid~nc e level. Consequenrly, these sets of dara will 
not be u.5<'d in analy.ing th~ ,mall-s<"ale fermtntarion data. However, the time profib are 
moU than 99.0% significant which is e,",pected. Thi. significanc~ is as a rt,ulr of cdl growth. 

4.43.3 Error in Growth calculations 

Table 4.5 i, a .mmmary of c·otITic·iem of variance, standard deviation and av~rage for tht 4 
replicare small-scale fermentation up"rim~nt'. Th~.e values have been cakulated for grov .... th 
rat~s, bioma.<s yi~ld, carbon dioxide yield, slIbstrate utilisation rate, carlx)ll dioxide formation 
rare and change in cell conc~ntration. 

Tablt 4.5 is consistent with th~ result obtained in Secrion 4.3.3.2 for carbon dio,",id~ 

formation rat~'. In Tahl~ 4.5, the coefficient of variance for th~ carbon dioxide formation 
rat~.' i, the highest, almost 40%. The high co effici~nt of varianct for tht carbon dioxide 
formation tates establi.,he., that th~ urbon dioxide data can not be used. N~'"'t to th~ high 
variation., in c'arbon dioxide formation rate, ar~ the suh.,trate urilisation tattS with a 
codfici~nt of variance of 17.7%. 

Table 4.5: 

, , 

calculations 
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4_13 

.M! HAZE ANALYSIS 

To inrerro~te the haze analysis, two yeast suspensions were u.ed. An untreated yeast 

suspension with a wet weight of 55.3% Wall analysed in quadruplicate (f'igure 4.5a, Figme 
4.6a). A yeast suspension with concentration of 54.4% hllSed on wet weight and 14.3% based 

on dry weight that had been subjected to sheat st=;. at an impeller .peed of 400rpm with a 
RWlhton turbinc Wall analysed in duplicatc (I'igurc 4.5b. Figurc 4.6h). Figurc 4.5 give. the 

particlc sizc analysis of thc range 0 10 50)J.tn while, Figutc 4.4 homcs into thc rcgion in which 

haze is prevalent i.e. 0 ro 2 !IDI- An onalysis of these particle .i2e disnibutions in re= of 

an'J:age panicle .i2e and ratio of haze material to rotal material (A,/ A.j ) are presented in Table 
4.6. 

" ' 

.. 

• >W" .. 

,., .... ' 
- ....... ' 
- -., " 

Figure 4.5: Particle size distribution of yeast suspension (complete range) 
(0) _ Uuu.ued yeut 1ffi'!"""'O"; ' U'pe<l'"''''' COfl=UOrioo of 55.3% b • ..,d 00 w<t waght 
(b) - Tuated ~ .. t; 54.4% = t weight; Impdler. pitched blad., &XlJ:pm: T.mpeto.lute' 40(: 

(b) 

" 

, 
" I " . . " 
" 

,. __ .c· ____________ ------__ ----__ ------~ , 
.. , ,.. " 0 

Figure 4.6: Particlc si~e distribution of untreated and treated yeast (sizes < 2).lm) 
(a) -I;"tre .. ed y .... 'u.penlliotl: <""pension """oelltt""n of _'5.3~. hH<d on Wfl weight 

(b) - Tre. ted )"¢lISC 54.4% wei ", .. ght. l~r: pioched blad~ -lOOrpm; T=p<,.tlll'" 4vC 

• 

, " 
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Reprooudbiliry of Remits 4-H 

Table 4 6- Reproducibility of Haze analysis . . . 
-

S.lllple No. Average Particle ,ize (XIOJ A,/.'.,. 

(~rnj (%j 

y"OS' T ,..;,(",,,i, Un'r .. ,NI Trc~tcd Unlrc." Tee;H", , 9,24 9.42 0.16 0.54 , 9,18 8.88 0.14 O,SS , H8 0.12 , H,% O.H 

, Av<r'g< '.N 9.15 8.14 O.sS 

Sl;o~d ,rd ilevi>tioll , 0,22 :,:\8 :.02 0.:'1 

CO<'ificicn' of Hri,nce (',oj H n U,S U 

The two-way A NOVA w~, used to analyse the particle size distribution data and it was 

conclud~d that theu i, nu signiGcant difference betw~n the 4 untreated s~mple, or betv"e~n 

the 2 trea l€d samples despite the fact that the sample si7e is ,mall (2 ,ample. a, upposed to 4 

samples) ~t ~ 'IO"1c, confid~nce level (Appendix C4). The particle size distribution method is 

therefore reproducible. Diffeunce between the ha7e pre~nt hdor~ and after ,hear ,lre" is 

clearly S€en. 

4.5 REPRODUCIBILITY OF MIXING EXPERIMENTS 

The reproducibility of lhe mixing data depends on ~ number of opemtingvariahles "Jch as: 

cell concentration, impeller ,peed orert~nt of a~taliun, lrac~r amuunt, air entrainment and 

injection port. To illu,-trate how the cell cuncentratiun affects the miring time, Figures 4.7,4.8 

and 4.9 au shown. In Figure 4.7, the yeast suspension used has ~ conc~ntration uf 41. 9'% wet 

weight. It can be clearly seen that the data is reproducibility althoul;h by the sLuh ;,ddition, the 
tracer concentration i, hil;h "-nd the data become, Ie,s repnxlucible. It is possible that the 

di[[erenc~ in salt concentrations causes osmotic 'tres' to the yeast. As the su'pensiun 

concentration incuase, fir,"! to 52.3% we[ weighl (Figure 4.8) and later to 62.8% wet weil;ht, 

the mixing dat~ become' le<., reproducihle. Generally in these cases, the suhniun only reached 

16.7% humugtneity after 10 minutes of mixing when th~ yea,"! concentratiun is 52.3% wet 

weil;ht (Fi~r~ 4.8) and l~" lhan 1:'.crx, homugeneity at 62.8% wet weight, Furth~r, the 1 ~ 

sample tends to attain some form of homogen~ity.,..hilst subsequ~nt additions give negative 

chang~s in conJuClivity. TIll1s, it can be concluded tlut the more the number of ,-ubsequent 

additions "-nd the higher the suspension conc~ntrauun, lhe less reproducible the mixing data 

u.,COlI"'. 
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figure 4,i: Reproducibility of n'plicari,·c mixing Jata at 41.'1% wet weight.. 

SuspenslOn COnCl'!Itmtion: 4 1.'I'}" wet. weight. I tnpdler: Rushton mrbine ~[ 400 rpm. 

'i'empemmre: 14°C 

4-1 5 

"""'pic> I to & 'Or"'''''' d,,, mllcr",,1 1"1",,,;,'10: mh ,i 6 "-'l",-,nL!.oI ..JJiLi,,,, of L,>l(C< to the "-,,,(' rm' '"'1""" '''" 
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t 19ure 4.8: Reproducibility of mixing data at 52.3'/;' wet w~jgh,. 

S"'p"n,ion concentration: 52.3% wet wdght. Itnpdk,-, Rushton turbine at 400 rpm, 

Tempemmre: l4"C 
S.mpk; I ,no 7. "'r''''''"' ,I,,, «4,,,,J t<,I,,""'i' ''''''11 of l'''',~~"ci,l 'Kid;,;,,,,, Qi "'''''' ~, ,",' "me )'mt '"'rcn"m 
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Figure 4.9, Rcprooucibility of mixing data at 62.8";, wet weight. 

Srn;pcns>oa cooccoU:atioo.; 62.8-;, wet weight. Impclkr: Rrn;bton turbine at 400 rpm. 

TfIIlpenture: 14"C 

4_16 

Sompl<. I In) "'1"<""'" do'" wl<c""l folIowIll\\ e>ch of} ocgocuci>l .. ldioon> of ttli'" to ,0. , ""'" )'<"" "''I'''"'''''' 

The two-way ANOVA was used to determine the variations in 3 replico.tc. of =mg 
experiments conducted using yeast .uspcn:;ion with concentration of 36.1% wet weight and 

Rushton turbine at an agiration rate of 800 rpm at 14"C. ·The data are teptoducilile with 

ptobo.bility of 0.477 (Appendix C5). Data obtaincd using a nitrogen blankct ",·erc nOt 

!ignifiOindy different at a ?O";, confidence leyel from those obtained with the reactor open to 

the atmosphere (Appendix C6). ·The probahility obt:o.ined in this case was 0.168 implying that 

the differencc i! only significant at 84.2% confidence level. 

The mixing data obtained from 5 replicates determined using the Rushton turbine at a speed 
of 300rpm and a yeast concentr:ltion of 23.4% wet ,,·eight shown in Figure 4.10 arC recorded 

in Table 47. The coefficient of variance of thc final40 data points did not c><ccrd 5.0%. 
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1 ;ib'llre 4. t 0, Reptoducibility of mi."<ing time, t,.. 
Suspefl"Ofl cnncCfll1'at;on: 23.4"/. wet weight. ImpeUer. Rushton turbine at 300 rpm. 

Temperature: 14"C 

4_17 

Samp'" 1 to 5 "'P""",-", J,,,- wlketcd fol""",,« <..ell of 5 "''1''''''>..1 ..Jdition> uf "'.0<", to ,he KID< Y .... '''''1'<''.000 

'fable 4.7: Coefficient of VlIri ance and standard deviation fat mixing time oblained. 

from the dala in Figure 4 8 . 
Sample Ko. Mixing time, t,., 

(.j 

t" , t·'.1 , , 
" , ~ " , U , 
" , S I, 

Average ,AS Ll.') 

Confidence limil a195% oonfiJenc~ l~,'d ru,g 1.45 

Standard DO" ;)!,;O" OS) 1.1.111 
--_. ._. -

I Coefficient of wriance 7,"') ~ 1 ,r, 
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4.6 DISCUSSION AND CONCLUSIONS 
~--- .. --- - ---- -_. 

The I-USt, f-test "-TId ANOVA were the statistical tools llsed to an,,-Iyse the results obtain<"d 

from the inHsrig-Jtion into the effect of aptation On yea'l quality. The t-test was "s.ed to 

check the significance of the difference between two me~ns while the f-test w~s used for 
comparing two variances. The f-test is a pre-requisite to the t-t est because one of the 
requirements [or the nlidity of the t-ust i, that the var;,lnce, of the popubtion being tested 

arC nOI significantly different. Conversely, the ANOVA is used to g'auge the significJDCe of 
seve ral means 

Yeast suspetlsion coll""ud on different days were tesud for significance by the US€ of the 

ANOV A and it w." concluded th.ll the there i, nO significant difference in the time profile of 
thevi~bilities of theye~st suspension collected on different d~ys. Furthermore, there were no 
obserwd variatiotls i n th~ viability/time profil"'! of y~ast susp,,,,sions of diff~r~t1t ge tl~rations. 

The coefficients of variance for the different analytical methods were c~lculJled. For the 
methylene blu~ staining method, it was found to he 1.1%. In addition, th~ differences 
bet'< ... -~en the variances .md means of t'>.'o replicates of 5 single methylene blue '!.litling 
s~mples were found to be insignific~nt. For the prote~se ~ss~y, coefficiem of v~riance w~s 
ahout 4,C% with there being no signific.mt dif[~re nc~ in the vari,mce' atld m~atls of 2 
replicates of 4 single samples. The differences between size distribution curves for the 
"-,"ount of haz~ found i tl tr~aud and untre .. ted y~ast were foun d to be insignificam. Further, 
the codficient, of v.,nance for th~ J.II1onnt of h .. z~ w~re 13.W1;, for untreated y~ast .. tld 4.8% 
for treated yeast. 

V it.,1i ty W.lS quantified by performing 'mal1-'-Cal~ ferm~tlution' atld monitori tl g the gro,,'th 
ntes, glucose utilisation rates, product form~tion ntes, viabilities ~nd budding indic", over a 
period of 24 houn. For glucose a".,y and biomass conc~ntrations, th~ coeffici~nt, of varianc~ 
w~r~ 1.7% "-TId 4,2% r~Sp"ctive ly. In addition, the tim~ profile, for 4 r~plicau ,mall-scal~ 
fermentations were tested with ANOVA and the\'iability and c~rbon dioxide formation d.,ta 
wn~ found to he ,ignificant .. t a 9C.0'1;, confidence levd. Con""qu~tltly, th~ carbon dioxid~ 
formation and viability d~ta ~re not reliable. The coefficients of vari~nce for some of the 
gro,,'th par.,meters mch a, c.u'bon dioxide formation rat", and growth u te, were quite high 
(>2C%). 

Fin~l1y, the mixing data were found to be less reproducible the higher the cell concentration 
and the more th~ number of tracer additions. In comparing the d.,ta obtained from 
experim~tlts cotlducud with .. tlitrogen bl .. nket .. nd thos~ obuined without, ther~ i, no 
,ignificant differenc~ between these sets of data. Thi, show, th.,t as 10ng.15 the injection 
points ~re the <ame and if the flow rate of the nitrogen gas is moderate, the mixing d~ta 
"ould be reproducible. The coefficients of variance for mixing times .,t 67% and 95% 
homog~tl~ity we r~ found to be 7.89% atld 21.6% r~sp"ctivdy. 
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Rheology ,md .lfixing " 

CHAPTERS: RHEOLQGY AND MIXING 

S.1 INTRODUCTION 

The melhods by which the dcgr~~ of mixing in the vessel and rheology of the yeast 
suspension w~re determined are reported in Ch~pter _,. On charac~rizing the rheology of the 
ye~st sllspension th~ appar~nt ,-isl'o,ity was determined as ~ fnnction of sh~ a.r rau, which 
conseql.1ently helps to d~t~rmin~ th~ narure of the fluid, Reynolds Number ~nd th~ pow~r 
di,sipat~d per unit volume under the r~ng~ of mixing conditions. Reynolds number is 
important in determining th~type of flow in lhevessd and power &"-Sip~ted perunitvoll.1me 
relates 10 the energy consumption of the Impellers. Mixing time gives ~n indication of the 
degr~e of mixing in a ,cess€!. 

Chapter 5 fOl'uses on lhe rheology of the y~>.'t suspension and the degree of mixing ~tt~ined 
at different conc~ntrationsand agitation intensities. Tn Section 5.2, the rheogramand rheology 
parameters are discussed whil~ SK tion 5.J focuses on the degre~ of mixing. In SK tion 5.J, 
th~ mixing times are reported for 66.7% md 95.D% homogeneity of the final conductivity. 
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5.2 YEAST RHEOLQGY 

The rheology of the fluid, was determined by using the VT520 Haake concentric cylinder 

viscometer to measure the apparent vi:;.co ,;ty (j.l) as a function of shear rate (r) and obtain a 

rheogrnm. Rheogranu were obtained for yeas! suspcmion concentrations between 10 and 

60"f, wet weight (1_S and 13.30/. dry weight) as well a, 2% CMC solution and arc presented in 
Figure 5.1. From the data presented in Figure 5.1, it is apparent m..t the yea't suspension i8 a 
pseudo-plastic fluid (i.e. the apparent viscosity ciccrca:;.cs with increasing sheM stress) between 

the concentration range , of 20.0 to 66.3% (based on wet weight). As the cell concentration 

reduced below 20%, the rheology approximated as a Newtonian fluid i.e_ the vi,cosity ;, 

independent of the ,he.." rute. In the higher concentration range, (58.3 10 66.3'10), the yeasl 

suspension had yield stresses tbat increased as the suspension cooceomtion increased. ,\t the 

yeast suspension concentration of 58.3%, {he nlue of {he yidd stre" wa, 14 Pa and 20 ra a! 

a suspension concentration of 66.3%. Equation 5.1 which i. a power law ~ccur~tely o:1cscrib"d 

the relation'hip between ,hear rate and shear ,tress in the yeast suspension concentration 

ranges of 20.0 to 44.(1"/. while, Equation 5.2 (Her.chel-Bulkley model) de,cribes the 

relationship in the higher yeast suspension concentration ranges (SH.3 to 66.3%). The 

rheology of the CMC ,olution i, ,imilir to that of the ye~s t suspension in the intermediate 

concentration range (between 30.0 and .... .cW. wet weight). 

3(,Q 

25.') 

~ \5.l) 

! _ 10,0 
• 

" 

'lCO :5C 2JJ 

Shear rare, 1" (.-') 

• 

10.5')10 

• 20.()O,I, 

. 30 ,1l')b 

• «,0% 

I_ SS,3% 

- M,3% 

; 2 .,., CMC 

Figure 5.1: Rheognms for cropped yeast suspeusuJI] with concentrations in the range of 10 to 

66% wet weight. 
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Ot d" lIe.tsehd-BLLlkIe), ,node!; 

f.I. = '" -I- K t -------------------------

where; f.I. i" lhe vis"mity (d') 

K, the conmt.nc), index. 

y, the .hem ",te (,'J 
n. If'' flow beh"viour lL"k"X "nd 

'To, ,he yidd stres. (1'.; 

Equation 5,1 

E'lualion 5,2 

FIgUre 5.2 show, the rheol('f,I' parum"le.t> nand K obrained gmph,"~lly from ,he plot of In 

f.I. ,gaimt In y. The,e p"'~Ll1de", "-ere deflned ltl E<:]uation 5, I and 5,2, 'lh" R' value, obrAined 

[roltl Ih" linear !eg",,,ion are ,hown lLl T~ble 5,1. The line~r regre""on obtained [or the )'.,Sl 

""p<:Ll.'~ln ", rhe lowe, concetluation range of 10,5% wee weighl had ~ low R' nllle 

su&esring ,h.t the l.vel o[ Llnarlainty in "'. ",lu"" of K ~nd n h~, given by rhe power law fit 

i" higher. 11,e eonsi,lenLT lnde" incre"ed while the ~ow beha,",o", ind"" decrea"ed as "'. 

re~" m'pe,,"lon concen""tion ,nc",.,ed. 'Jhe flow bcllOViolLl index obl';ned for e:Me: 
wlution w"' found (0),., O,80 which i> widlin 2 5% of the lileulute value (KOlle), ,I {Ii, 1996;' 

0.10 ~ 

0.10 

~- 0.70 

] 
0.60 , 

.~ 0,"0 , 
] 0 .. 11 

~ 0,30 

• 
0.:0 

• 

• 

n 
~ 

• 

0.00 +-______ -c ______ -c ____ ~CCCC=' 

"0.0 )0.0 35,( 

Wet wei~ht (%) 

. -
58.3 66.3 

Figure 5,2: Rh,-"logk~l p~rnmete,," fo! clifferenl yea;l ,uspemion wnecnLl,uom "noddled by 

the pow~r law. 
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Pswdopla,tic fluid, can be de,cribed by either the powcr law: 

!-I = K i' --------------------------- Equ.tion 5.1 

01" th~ I khlchd Klllkicy modd: 

!-I=To+Ky" 

where:).L i. the viscosity (cP) 

K, the consistency in,""",. 

1, the ,hear rate (s ') 

n, the flow behaviour index and 

10 , the yield Mress (pa) 

E'lu~t.ion 5.2 

f'igure 5.2 shows the rheology parameters n and K obtained graphically from the plot of In 

).L against In y. These parameter:. wCtt defincd in Equation 5.1. lbe R' values obr..ined from 

the linear regression are shown in Table 5.1. lbe linen regresslOfI obtained for the yeast 

suspension in the lo""cr concentration range of 10.5% wct weight had a low R' value 

suggesting that the level of uncertainty in the values ofK and n has given by thc power law fit 

i. higher. The consistency index increased while the flow behaviour index decreased as the 

yeast sU'"pcn,ion conccntration increased. The flow behaviour index obtained for CMC 

solution was found to be 0.80 which is within 2.5% of the literature value (Kouda ef aI., 19%). 

:.:o:J ~.O 

J.9J \ g ~ 

~ K 0 

HJ 20 .0 " • , E 
; 07J • ~ • " ] 
• , 
0 
.~ 

il • , 
~ 

~ 

0.6J : ~.O " ; 
0.50 • , 

" 
O,~J . 0.0 ;-" 

c 
]30 

~ . 

I . ~ 
0,:20 , 

j 
.'.0 

C 
O,lQ ~- - • 
:, :0 CO 

20.0 WO 44.0 55.0 53.3 66.3 

Wei weight (VI) 

Figure 5.2: Rheological parameter. for different ycas! ''ti'pension concentration. modelled by 

the POWCI law. 
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0.082 

2.50 0.915 

-209 0.863 

0.863 

0.003 0.988 

17.4 

33.6 -5.71 

151 230 

58.3 549 654 

66.3 1129 16.8 982 
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.5..J. MIXING OF CROPPED YEAST SUSPENSION IN THE 

STIRRED TANK REACTOR (STR) 

'lh~ (kg..,., of mixing of lh~ ouw:J Wlk ,,-~, J"""min"d by Ih" US" of an .liquor of 2 ml of 

3M ""~(] lr~c~r 11lleet~d illto 0111 ml of ,h" ogiroted yeast ""penSIon. The oond,ocli,-ity of ,he 

r""u!tall{ miX!\"" " ... , monitored wi,h {ime. 'fwo mixing- tin"" ba,,~ bc"n Jciin~d, '" , "d t" 

which are the times ("ken ior I.he conJucu,·it)-' TI.",JinW to rc,eh 67% olld 95% of the fi1l11 
hom"''''"~(Kl' ClI<1Juetivi{y. Th" cocffiCJ"lll of , ... rianee for (,_ is 7.8')'% .nd t/l>l !()r ' . i, 
~. " '" 

21.6%. 'lh" method by WlllCh ,hese co..fficienl, of "",iane" w~%~ J~l<:rm;n"d and its 

"ppoc. lion 're ohown in S~Cl'()no 3.5 anJ 4.4 . 

.uJ CHANGE IN M IXING T IME WITH IMI'ELLER SI'EED 

Figu,es 5.4 and 5.5 show I.he ch""g:~ in L1llxinl-\ time ""h colleemratiO<1 for agi,"tion rotes oi 

2(X), 4(XI, 6(X) allJ &XI rpm eglliv.knr to lmpdkr tip 'peeds of 0.73 to 2. ~3 m, '. Th~ RUohton 

!\uljllC of ".ndard gcomnry (See Section 3.7 io, the dimensiom) wa, m~J ill thi, c~"" . Tll 

Fi8'ue 5,4 l", has lJ.een plOlleJ ",hil" in f'igLL%~ 5.\ t~, i, us~J. Tt i, ~pp.rct1 1 from the dam 

preo""teJ rhat tk mi.illg time deerea",' , ",-;th l1lC!"a,ing specd. ,\, a ouspeno,Wfl 

conccntmtion oi 43.1% wet weight, ,h"re i, a ICl-fold deere, ,," in lhe mDung- tim~ " the 

itnp~ller lip ,pe~d inere~"", by 4 !(,)J. Th, Jeer",.c.,; to • 6-fold dcer"a",' in ,1", mixing times 

a, toc ")\imrion ",{e inc,,'o.o< from 2fI() to SOO rpm 1[ a suspension concmtraUon of 37.R%. 

Al • wel .... -eighl sUol"'nsion ooncenlt.t1on 

observable effecl on mixing: time. 

of 31.7% wd w~ib<ht, agi~~tioll rate h~, l;,rk 

"1 ,., 
tlJ -' • 

S 
} ." 
~ ,,~ 

·3 • • . , ., ,,~ , , 
4' < 

': 1 • 

'" 

i 

• • 
• 

'.00 '-'" ' .OJ 

A<:itation rate (IllS') 

; 

~ 
.. 

• "i.' . "'.: 

",X ,," 

Figme SA: F ffcc, of agi,"rioll ra,e and y"a't concentation on mixing time, '''''' using the 

Rush{on tu,bine a, 14°C 
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2 
; ,50 
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[ 
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-~ , 

, 

0 
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I 
! • 

• 
• • 

1.00 

Agit~'ion "''' (on'-') 

• • • 
,00 J.50 

Figure 5.5; Effect of agitation rate and ye .. t concentration on mixing time, r,."", using the 

Ru,hton mrbine at 14°C 

l<gmd refer.; 10 wet w<Jght 'I. <>f yeast ,wf><'l""n 

" 

The curve. obtained in Figures 5A and 5.5 were fiued with e:<ponentiol, power law and 

logarithmic models and the model p.rameters have bttn reported a, a and b in Table 5.6, Of 

the three modd" the power law and exponennol trx:>dd. pre' ent , good prediction of th. 

mixing time/yea't COflcentration relotionship. And of these two mood" the power law give, , 
better fit to the exptrimenbl data than the exponentiol model at ye .. t oonc.<:nu,tions of 

31.7% and 37.8"/ •. However, at a yeast conttntration of 43.1% bosed on wN wright, the 

exponentiol model give. a better fit. 

Table 5.6, I'IIocIelling- mixing time as a funclion of agitation rates at 14°C 
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UJ, Ct-lANIIF IN MIXINC TI ME WnH CE:LLCUNCENTRATIQN 

FIgure 5.6 ..,.1 S.1 pl"CSMt ,ru, d:au coIk."\CIcd ' 0 ,how the reL>.ooll.lup befW«Il mixIng ~ 
""d 'pporen, vi>CO>! lKI .".1 cd! conccn\rntion KI'OJI • com:elltr1tioo. noge: o f 28.<1'10 to 50'1. 

,,"e1 weight. The R1.I$hton turbine at 1 speed of 400 rpm (tip ' peed of 1.46 m. 'J and SOJ rpm 

"'" used in thil ~l of upn-iments. The )"Cu , ,,"b IlUln.';ned at 1 letnP<""iUUft of 14 "C. In 

Fogurt 5.6, tIlt!l"llXlng "' '' I''''""",cd ""'" I-lgun: $.7, t., i. prestmed. As CXp<"C1Cd. tit<: mixing 

nm< "'~ .. " 'm incr .... 5ing c:dl WIlCCnUllOOu. How,"".r, the incn:u.> " . maIl in the 

com:enlrlll>On "'nil" o f 30 '0 .fO% "'"to "'0,,",,' ~nd mo.., nutkcd in the range o f 40 to 5S~~ 

.\croos!he.fO to S5% concen .... 1ion nngc-, tit.""" a 3 '0 6 fold memo.., In mi>:ing lime. 

• • ...... , . .......... -~ 

.' 

.,., . 
i ~ ' 

1: 
j : 
I ­
I " 
f · 

(0) 

' -~ .. .. -~, ... -. 

f ~ L __ ',.,·,-C""C';' ;.;';,;';., .;::::: ___ _ _ - -... I . . _. 00--L ___ ,"· ."".,.,.,.,~.;,;.:.;.:. '.:.~.,. ".;:: ... ___ _ 
.0 

,., 

., "'" " .. •• 

FIgure 5.6: Effect of W!~"(>n coru;<1llnl>Oll on II\IJUng l1lnc (t,.,.,l ",,'ng RUlhton rurbinc at 

1 v .... l lmlpCnl",",-of l-t"C ...,.J ~bl.1>OIl n '($ of (10) . 400 rpm lie {b) - tIOO <pm 

,., .... _. __ ._-- .. _------_ .. -< . ,. 
f ­
. ! '" 

I: 
~ ... 
J " ,-

o _ ,-
-.. ,., ......... 

, 
.. , 

• 
I: 
\: 
I -I ,,., 

'" 

.,. 
~ ., __ -'" .,. -~ .• ·<··~·c>'.· f 

'_' . , C ___ " 

r-' 
o ·.IL _ _ -"""==;;~·~·~·~~'~· '~'=-__ _ . ,... .. _. _ ..... 

'" '"' '" ~, . , " . •• .. ., "' ., 

Figur~ 3.7: Effe<:t of ">II~.ioo. conccntr:>UOn ou mmng l1lnc (r..".) ... ,ng R",hton turbmc at 

~ .. ~ ' ernpt nlU,," (>f 1.f'C aOO Igll}'OO>l "" .... o f: (I) - -tOO rpm lie (b) - 800 rpm. 
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Concentrations below 27% have nOl been included because at these low concentration" there 

waS gas enlrainment, which affected the sensitivity of the conductivity mete!. Al higher cell 

concentrations (> 55%) the mixinjl;time exceeded 30 min and WaS not reproducible (Section 

4.4). 

In order to be able w accurately predict mlxmg time at different yeast ,mpension 

concemrauons, thc data obtained in Figure. 5.6.md 5.7 were modeled by theuse of either an 

exponcntial, power law or cuhic' model. The model paramelers arc shown in Table 5.7with a, 

h, c and d referring to the conslamS in Equalions 5.3, 5.4 and 5.8. 

v _ ax' + hx' + CX -I- d ----------- Equalion 5.8 

It can be dearly seen ill Table 5.7 that the cuhic model which had the lowesl R' value 

dC:ICribcd the relationship between ,m.'pension concemration and mixing time the he't. The 
resulting cubic curveS are shown in Figures 5,6 and 5.7. 

Table 5.7: Modelling mixing time as a function of yeast concentration nsing Rushton 
turbine at 14'C 

- --

I Mixing time, t~" , 

Ag'tation <at. (rpm) '" "" - -
Mod.b Equ"tion> ll' Equations R' 
Fxpon. nti,i mo d.! 0.824.0·''''' 0,918 0.on.O.1"" 0]97 

Pow..- i"w 2 ' 1 :('x~)< O.8Rl l.oo"10'':x'·'" 0.722 

Cll bi~ O.02h' ·2--'9x' + TUx - '"' ,.~ O.OSh' -6,2 1x' + 2Hx- ~~ 0.999 

Mixing time, t,,,,,, 
-

Agitation rat. (rpm .00 "00 _._. 
Mod.!, Equa\iom , R' Fqu><ion' 1,' 
Exponcn,io m,:'ud 0, OJ :;..c· I 'C. , O.~97 C-.0)4,~ · "" C-,824 

Pow'~ "w 7.oo"lo-"x'-" , 0,880 1.00" 10" ~'"" 8]62 

C ub,c -O.86b' +9,33:<' --4OC.,::+541O 8,97S O,Q7lxl S.o,x' + 304x _ ;~ 0.'J97 
-

The incon.,istency of data collected at yeast concentrations above 55% i" illuslrated in Figure 
5.8. H ere a typical raw data collected allhe highest agitation rate being investigated i. e. 800 

rpm (tip speed of2.93 ms") with the Ru.<hton turbine and a yeasl suspension concentration of 

63.0'/0 are presented. The final change ill conductivity should be 0.50 m"/cm. After 600 ,', 
only 2O'fo of the final change has becn effected. Not only i., mixing slow but the results are 
not reproducible either" the final change in conductiv ity for the 1 ,. trac~ r introdunion is 

0.05 mS/cm, that of th~ 2'" o~ C. 1C mS/cm while, the y" introduction gave a final change in 

conductivilY of C.15 mS/cm. 
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Figure 5.8, hiixing time at 63.0% wet weight using Rushton turbine at an IIIIprller tip speed of 

2.93 IDS ' and a temperaNre of 14"C 

.5..U E FFE CT OF IMI'I':LLhK D'PE ON ,\lIXING TIME 

In Figure. 5.9 and Figure 5.10. the effect uf impeller typ<; on mixing is investigated. Two 

impdler types were used for tIus ,.,t of e"penments: the Rushton rnrbine and 45° pitched 

blade impt:ller. The range of agitation rate:! from 200 and 800 rpm was investlg.>ted whilst the 

cooling tempenrure was main",.in~d ~t HOC. YeaS[ ~on~entrations of 30'% and 4cr~. were 

used. The rime taken for the conductivity to teach 66.70/. of the final conductivity, 1;" is 

shown on the graph in Figure 5.9 and the time mken fur the conductivity to teach 95% of thc 

final cunductivity, ~ is giI-'en in Pigure 5.\0. 

The Rushton turbine ptovided het,et mixing than pitched blade impeller at both y~ast 

cone<.:ntrations (30"/0 and 40"/. based on wet weight) as shown ill Figure:! 5.9 and 5.\0. The 

mixing time" for both impellers at an impeller tip speed of 2.93 tm' (800 rpm) and both 

~uspension concentratiun" Wl:re of the same order of magnimde. However, at the Iowe8t 

impeller np speed of 0.73 IllS', there was a nine-fold incr~as~ when eomparing the Rushton 

impeller to the pi,ehed blade ~t both yeast cono;ntrations. At an agitation tot<; uf 400 rpm 

(tip ~p<:ed of 1.46 ms") and y=t conccntration of 30"/0, thete was a seven-fold increase m 

t""., and a rune-fold increa,., 111 t.n,,,. Fnrther, at the higher yeast concentration b6ng 
in"e8tigated, there wos 0 four-fold and two-fold incr~as~ in t""., and t".". 
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I'igurc 5.9, Eff~ct of impeller lype on mhing at ta,." aero., an agitation rate range of 200 [Q 

BOO rpm and cell concentrations of30 and.j() % wt:t w6gbt {giv~n in I~gt:nd} at 14T 
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I'igure 5.10: Effoot of impeller type on mixing at r,.." "'"'0" an agitation rate tango of 200 to 

800 rpm ,nd" concentration nnge of J() to 47% wt:tweighr (given in legend) at 14"C 
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5.4 DISCUSSION AND CONCLUSIONS 

Th~ [anoc, a[[a;ung thc .u;hicvcmCIl\ uf humugcneity in .. v'<.",1 ~re; the phy,ical prop"ni.s 

of the fluid to be mixed esf",ci.Jly it, rheology and density; the agitation rate of the impeller; 
th . energy di.,.,ipated by the impeller; and the geometry and type of the impell.r and v •. "d 
used. The vessel and impellers l1sed were of .'tandard );eometry (Semon 3.7) thereby 

elimimting the d fect of H .,.,d and impeller geometry on mixing. The range of yeast 
COllcm trations investigated was berween 10.4 ~nd 66.3% wet wei);ht. 

In thi,1 ,llUdy, th . rhwlogy o[ yeasr suspenslOllS i.1 dependent on the m.'pen.,ion 

conc. ntration. In the lower concentration ranges « 20% wet w. ight), the rheology o[ the 

yeast .mspension was approximated to be Newtollian. TIm was dwwn by the shear stress­

she~r r~te CllrVes obtained for th • . ,mpension l'Oncentrauons ~t 10.5% and 20% wet wei);ht ill 
Figure 5.1. The.,e cun'eS which ~re aimosr line~r "ugg. sted thal al the.,e concentrations, 
apparent viscosity is ind. pendent of shear rare, The value of the flow behaviour indn [or 

yeasl which has a suspension concentration of 10.5% wel weighl was 0.71 (T~blc 5.J), 
ahhough this is 11ll1ch low.r thall exp. cted, il is associated with a r,nher hi);h I. vel o[ 
uncertaing-- (R' _ :']0). These resuits agree wirh those repo rted by Rem.' et al. (1979) and 

Rl1di~ et al. (1976). The flow beh~\'iour index, 11 d",r . a. ... , from :'.94 to ~',06 as the yeast 

suspension concemrarion is increas. d from 10.S lo 66.3% wel weight. Allen and Robin,IOn 
(J <)<})) reported simil .. r remit., [or filamentous broths Jlrhough the flow b.,haviour i ,.dex only 

d. cre ... ",d from 1 to values between 8'.2 Jnd 0.4. All . n .. Ild Robinson (1990) .,howed lhar for 
filamentol1s broth,l, ther. i., a pow. r law relationship between the cOIl,li,lrency i Ildex alld the 

bioma.,., mncentration with exponents rh~tyar)-- b.,tween:-.7 and 3.3, However, in this swdy 

lhe relationship between the consistellCy illdex and the suspension concentr~tioll was found 
to be represented by the exponmtial relationship (R' in the r .. nge 8,.80 to 0.95) thanlhe p",,'er 

Ltw reLltiomhip (R' in the range ~-.78 w 0,85). 

In the concentratiOIl rang •. , abov. 20% wet weight, the rheology ofrhe ye~st smpemion wa., 
shown to be non·Newwnian, more specifically approxImated JS pseudopl~stic, The 
rheo);rams were filled wilh different models: At y . ... ,t concentration., bet ween 20 and 44 .~,% 
wet weight; the power law modd fitled the d~ta besr wher. al .. t higher y. a.,t concentrations 
(58.0 to 66.3% wet w. ight), the 1 lw;chd-Bulkley model g-avc the best fit. Y. a,t susp. n.,ion., 

at high .r mncentrations (58.0 to 66,3% wet weight) fitted the H .r,,-'hd-Bulklq modd 
becal1se rhey bd yield stres,.., that needed to be OHrCOme before anyflu;d movem. 11t could 

take place. Aside [rom rhe evidence th~t the rhwlo);y of the yeast suspension ~t high 
concentratiOIl,1 could b. approximated with the HerKhel-Bulkl. y mod. ] from the ,h. ar 

stress·she~r nte curves, ir was physically ob,en-. d that there WaS lit lIe fll1id movement of 
hi);hly mncmtrated yeast suspcnsion,1 at low she .. r rate.' 
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In Figm-~ 5,3, th~ reLuiomhip beM.'e'''1 suspension cunc~ntratium and apparent viscosities is 
shuwn. The resulting curves were modelled with exponential, power law and linear fit., as well 

as the V"-nd "-nd Ein,tein equation." Reu.'s I't ai, (1979) obt..ined "- hyperbolic' relationship 
between volume fr"-"tion of SIU,/iaromyr:<:> r:erel:mae "u'fX'n.,ion, it., p"-,,king betor (a function of 

osmotic pressure) and it.> relativ~ viscosity (ratio uf susp~nsiun viscosity and sup€rnatant 
viscosity). This equation obtained by Reuss er at. (1979) was not con"ide'-ed in thi., study_ 

Stati"tically, the power l~w, Ii nea,- ~nd Ei n'tein equation fit" we'-e poor bec,,-u.s~ of th~ low R' 

value., obtain~d "-nd.<o would b~ dimin"-t~d as suitabl~ fits. Further, th~ Eiml~in equation is 

only applicable when (he suspension concentratiun is less than 4% based on volume fraction 
(Re\~'s er at., 1979). However, the Vand equ~tion which i., agood fit.<tati"tically (R' > 2_97) 
would be eliminated bec'ause it gave physic' ally unfeasible apparent vis<:osil y values between 
15,1 and 28.5% wet weight. Thus, the rel~tiollShip between the apparent vi,<cosity and 

,u,'pen"ion concentration is exponenti,] b~cause the R' v"lue, of the regre,"ionlin~s we,-~ 

high (> 0.95) and the errorS oblained (exc'ludingthe 200", wet weight) in using the equation to 
pre din apparent viscosiries fell within 23%. Rudis I't ai, (1976) reported ~ cubic rebtion,hip 

between app"r~nt viscosity and yeast suspemion concentration. The reason for the diff~renc~ 

is probably du~ to the range of yeast concentrations (between 8 and 12% wet weight) 
investigaled by Rudis er ai, (1976). In condu,ion, the nature of the rheology of the yea't 

.m.'pen,ion a, well as m")l;nitud~ of the app"-fent viscosity is a functlon of its c'onc'entration, 

A rd"-tion.,hip l::etw~en the rheology of the r~a't ;'mpension and mixingtimewase;tablished 

by investigating the effect uf susp€nsion concentration On mixing time. As the yeast 
concentraIiun is jncre~sed from 30 to 42% wet weight, there i. a 'm~ll i ncrea,,<, in the mixing 

time wherea, an incre,,--'e in concentration from 40 to 5CJ'*, wet weight resulted in almost a fr 

fold increase in mixing time as shuwn in Figuus 5.6 and 5.7, Henc~, the chang~ in mixing 

time Can be correlated largely with app~rent yeast viscosity within these concentration r~nges, 
The trend in mixing time "how, an in"er", rel"-tionship with the flow beh,,-viour index, n 

(Table 5.1). 

An inwstigation inlU the effect of agitalion rale on mixing WaS conduned uver a range uf 
"u'r<'n.,ion concentration,. At ,u'p"n"ion concentration" below 32% wet w~ight, mixingtim~ 

is independent of agitatiun rate (Figu res 5.4 and 5.5). Here, on increasing the agitation rate 4 
fold, mixing time,' ,-ecorded w~,-e within 8°A) of th~ ave,-age, lying within th~ ('()effic,iem of 

variance of the amlysis. However, asthe cell concenu-ation exceeded 37% wet weight, mixing 

time bec"-IIIe increasingly depend~nt on agitation rale. At an agitation rate uf 800 rpm, 
equivalent to a tip 'peed of 2.93 m,-·, mixing time became independent of .""pension 
concentration in the concentration range investigated. At low cell concentrations and high 

agitation rates, the apparent vIscosity is luw (Table 5.3) causing an increase in turbulence and 
an enhancement of homogeneity in mixing. 

Of the two impeller type', the Rmhton impelle'-gave bener mixing than the pitched blm". At 
a yeasl concentration of 30':<' wet weight, the mixing time obtained when u,ingthe Rmhton 

impeller is luw « 28 s) and is relatively indep€nJ€m of the shear rate, This is because the 
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Rushton Impeller dissipate., more jXl"'er than the pitched blade thereby leading to ~n increase 
in the energy ~vailable for mixing (Table 3.7). Furthe r, the Rushton impeller gives radial 
mixing and h~s good viscosity tolerance which is useful when mixing highly viscous l1uid, 
(Rmhton e/ ai, 1950b). 

Tn conclusion, to attain homogeneity within 5% of the time scale of the mixing proces, (I.e. 
homogeneity b€ingJttained in12 minutes for ~ 4 hour mixing process), the Rushton impeller 
set at ~n impeller tip speed of2.9.l ms is required foryea't concentrations ranging between 
30 and 40 % wet weight. However, mixing time i, only one criterion to consider on yeast 
,torage. The m~intenJnce of good quality ye"St is imperative through minimisation of 
hydrodynamic stress and that implic"-ted by nutrient deprivation. Funkr, since homogeneiry 
w,,--, difficult to allain in the 55-65 % (ba,ed on wet weight) yeJ,t ,u'pension concentntion 
range, it Can b€ sugge'ted that the ye ~st suspension is diluted to ,,-hout 40 % wet weight 
(Figures 5.6, 5.7 "-nd 5.S). Tn Figure., 5.6 "-nd 5.7, the order of magnitude of mixing time wa, 
the same in the range of yeast susp€mion concentr~tion, b€tween 30 and 45 % wet weight 
J."d on incre~si"g th~ concentration to 53% wet w~ight; there was 10-foid incre>s~ in \h~ 
mixing time. Thi, observation confirms the n~~d for dilution in stirred unk reactor.'. 
Effectiw mixing of diluted ye"St (1O to 40 % wet weight) i., p".,.,ible at an imp€l1er tip speed 
of 1.44 illS 1 (agitation rate of 40~ rpm in the STR used for this ,wdy). 
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F-!Jeel of Intc",iry a"d Dur.",o" ofAgi"'lion 

CHAPTER 6: EFFECT OF INTENSITY AND 
DURATION OFAGIIATION ON YEAST 

QUALITY 

6.1 INTRODUCTION 

The effect of intensity and the duration of agitation on yeast quality are reported in this 
chlpter. In orderto explor~ the effect of the intensity of agit2tion, the impeller sp€ed md the 

impeller typ€ were ch2nged. Tn Section 6.2, the investigltion of the effect of impeller speed 
on yea,t qU2lity is reponed while the effect ofimpclkr type is treated in Section 6.3. Section 

6.4 i, concerned with the df~ct of agitation dllution on ye'""t qU2lity. 

The methodology used to inv~"tigat e the effect of inten,ity and dlll'2tion of agitation on yeast 

quality is detailed in Chapter 3. The purp"'" of this set of experiments isto clctermine ifther~ 
is dercrioration in yeast quality on changing the inten,ity and duration of agitltlOn and, ifso, 

to establish l correlation bcr"r~~n the, e. 
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6.2 EFFECT OF IMPELLE~ SPEED ON YEAST QUALITY 

To inv~stigate th~ effect of imp"Uer spec<'! on yeas! quality. yeas! suspension obtained from 

SA.B!llillcr Brcwems in Newlonds was agitated in ~ ve"el of sundard geometry at speeds of 

200,400.600, 800 and 1200 rpm using a Rushton mrbine of stand...td geometry. The duration 

of ~gimtion was 8 hout!! ~nd the temperature of jacketed vesscl kept at 4"C. The 

conCeflrntiOfl of the suspolsion w~s adjus<ed with PBS solution when necessll1j'. Samples 

collected every two houn; following agitation were analysed fot viability, protease ~bsorbance, 

vita~t)· in subsequent smaU-sc:Ue fermenmtions and the amount of haze gcneratcd according 

to the methods detai1ed in Ch~pt~r 3. 

Ii..2.J yrABILIn 

In Figure 6.1 and 6.2, the results obtained from investig.>tiog the effect of impeller sp"~d on 

ye~.t rilbilit)· ar~ shown. For the conttol experiment., the yeast susp"nsion at the 

concentration being inn,stigatcd is stored in th~ fridg~ or 6"C withom agitation. It i. d eruiy 

shown in Figure 6.1 that on partial dilution of th~ cropp"d yeast to 42.0 and 56.2 % wet 

weight, there was no significant chang<' in viability as impeller speed was inereased flowevCI, 

a[ an undiluted yeast concentration of 64.0% Wet weight, a decline in viability of about Hl% 

on agitation at 400 rpm and 8-hour stOIO.gt' is shown in Figur~ 6.2. Th~ decr~ase in ~-:iability 
was slighdy more ~t ~n agitation rate of 800 rpm. At 78.4% wet weight, there was a 3.0% 

decreas~ in viability at an impeller speed of 400 rpm and ~ 5% decrease in viability at an 

impelkr speed of BOO rpm (Figure 6.2). 

' N.e 

" ' Z 
!" '"' • , 

" ' 
,','., 

(b) 

'" 

Figure 6.1: Effect of impeller speed on yeast viability for partially diluted yeast suspension 

follov.,ing 8 hours agitation ooder a nitrogen blanket. 
(.) - 42{)'io wet wd~t, (h) - 56.2% ,,-et weight 



Univ
ers

ity
 of

  C
ap

e T
ow

n

6_.1 

" 
,." , , ~ ;:;-J 

< 
1 , 

,,0 

'" 

'" 
' ...,..""''1>-'1'1-) 

Figure 6.2, Effect ofimpe!lcr speffi 00 viability of undiluted yeast .mpcnsion following 8 

hours agitation under a nitrogen blanket 
(.) - 64.0% wct wClght and (b) - 78.4% wet weight 

6.2.21'IWTEASE ARSORRANCE 

'lbe effect of impeller .peed on protellie release was investig.lted across the ccll concentration 

nn~ of 56.2 to 78.4% wet weight Release of protease. from the yeast cd! give. a measure of 

loss of membrane integrity. Resul", are presCllted in Figure 6.3. The high levels of protea"" 

detected in Figure 63a compared with Figures 6.3b - d result. from the duration of 

incubation of 18 hOUN u"d at a yea"! s''''Pen,ion con centration of 56.2% wet weight""hereas 

the remaining inrubation periods were 1 hour (Figures 6.3b, 6.x and 6.3d). At a yeast 

suspension concentmtion of 56.2"/0, the increase in protease tdease was seen at an impeller 

'peed of 800tpm. At 400 and 600 rpm, no llignificant variation in prot~" relea" bern'''''' 
the control and experiment were obsctved At a suspension concentration of 64.0"/0 wet 

weight, the change in protease amount became more pronounced, At an impeller speed of 

4ootprn, the change In protease release was 0.005 while at 1200tpm the change increa"d to 

0.027 (70% of control value). At an even higher swpension concentration (78,4Vo wet 

weight), there was a change in protease abSOIbance of 0,008 at an impeller speed of 4oo:rpm 

and a change of 0.007 at an impeller speed of 8001pm. At,lI yeast concentration. above 

60"/0, an !ncr""se in protease telcase was ob'U" ed on agitation 1t 4oo:rpm or greater rat."" At 

56% yca.t consistency, thi, increase was only ob.erved at 800 rpm 
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Figure 6.3: Effect of llllpdl~~ 'P""'(\ on protC"-'c rcica,c (shown :" :lbontWllce) ~t ,'arpng cd! 

conccon"",;nns. C()lli:foi- yeas, '[Oted ,till and Experiment - agitated stored )',,~,t. 
(aj _ -'6.2'/, "," weigh, & 18 jx"" jjlwb.t>o" (ilj _ 6J.(~/o w~, ""';gh' & I huu,;ncyl,.,jon, 

{oj _ 64.11'-1, "''''' "'''l!"hl & I huurinc'u]'<ljo>:, (d) _ 78.4% \lI<' w<>gllt & 1 be"" inwb"ri"" 

li.L.l HAZE GENERATION 

Tn I 'igurc ()A, the mnr>Ullt of haze g<:nented foliowlllg the agitation "xpe";rn"nt i, pi()[leJ as a 

function of the. agitaliot\ rak. ,1", atnOllllt of haze matenallfl ouspe1,"lOn "'fI." calculated a< 

the ralto of the amount of hne obtained from thc "xl""'mCrlt to thai obtained from the 

COll[1'Oj whe.te haou. IS mea,ur"d 1Il terms of parlicw:lte ma[erialless than 2 ~m in diameter. 

n,e amount of h,,~c increases '"" the ll11pdler "pu rl is incr"ased ro 600 rptn .. '\'t high"r 

agmltiOll nt,,,S, rn~. "mount of ha~" rd"a,,,d J"~-r"a,eg (Figure (lAb). 
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Figure 6.4: Eff~t of impeller .peed 0lI haze released following agi~oon with the Rushton 

turbine for 8 hour:s at 4'C 

ra) - 55. 4'1. wet w.;ght yent, (b) - 62.5' . "," weight Y"'" 

~YITALITY 

In order to assess y<'ftSt vitality, the e:xpenm.ent and control ye~"t W~" f=nted in shale 

£lash anaerobicilly 00 l>fYPG media (Section 3.9.4) fat 24 houn;. The conttol yeast had ~ 

stored without agitation in the rcfrig<'tator ~! 6"C for 8 M. The raw data for thes" 

experiment!; are shown in Appendix D. The growth panunde.r. obtained from the resultant 

growth curves of the conttol yeast and the yeast that had been subj<xtcd to agitation prior to 

being grown on ~fYPG media arc shown in Tables 6.1 and 6.2. The general trend for the 

growth to.tC .hows its decrease a:! the agitation rate of the prior "toroge conditio<!, mcrea..ed. 

The magnitude of this decrease exceed, the standard deviation of the measurement at an 

agitation ratc of 600 and 800 rpm during stonge. An increase in the bioma3S yield W~" 

obser\'ed on increasing the agitlltion tate to a maximwn at 400 rpm whereafter dill; decreased 

by 2 to 4 fold. The dunge in the increase of biomass conccntr.>t:ion ex-/XJ did not follow 

my patncular trend while the exponential carbon dioxide yield followed thc Sltne trend as 

= by the biomass yield i.e. a maxunwn co.rho<! diOlude yield was found at 400 :rpm. Finally, 

the substrate utilisation rate ~nd carbon dioxide formation rate (exponentiol pb~se) 0130 

increased to a maximum at 400 rpm and thereafter decreased. 

Tahle (i.1: Growth parameters for difkttnt impdlcr ~pccd~ 

SI><ed 

" 
Yx,'-, 

X,/X 
y ooz/. 

('1'''') (h·1) (10' cdl'/g) (ngCO ';c<llg) 

Expon':nri,. Avorog< F-'q>O<l<tlti:>l i\.,-erag< 

Cotlt,aI 0.047 0,32 c.rn 1.64 3,O~ ,~ 

'"' 0,068 0,52 0.11 2.1.''- 3.65 0,37 

~ 0.054 (1,7 1 0.11 1.21 5,02 0,5 1 

~ 0.018 OZ7 OM •. w 4,05 ,~ 

""' 0.021 0,18 0.07 1.55 ,m ,~ 

;,~ 

De>;"6011 
±0.016 ±0.10 ±0,Ot ±0.J6 ±O,B ±0.06 
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Table 6.2: utilisation and formation rates for different impeller speeds 
Speed ", qw, 
(rpm) (ng/h.cell) (ug/h.edl) 

Exponent;ol AvCl",,!;' E:.ponemi. l .~ v.,."~e 

Control 0.15 OJ.., :.37 0,14 

208 0.89 OAl :.44 O,I~ 

. :0 0.12 0.19 0,64 0.22 

em 0."> O.2~ 0.34 0.14 

gO: C.ffi 0.3+ 0,36 0,14 

S,"nd;ord 
D.,,,iotion + 0.:2 + 0.85 +0,25 "ON 

6.2.5 SUMMARY AND DISCUSSION OF IMPE!'J.ER SPEED EFFECTS 

Yeast suspension that had been agitated at impeller speeds bctwttn 200 and 1200 rpm for 8 

hour. at 4°C was analyscd for haze, protease, and "iability and subjected to small-scale 

fermentation at 30°C for 24 hours. It is d ear that as the impeller speed is increased, the 
Yi~bility of the cells and the amounl o[ protease generm:cd incrC"~scd. Therefore, there isloss 

of cell membrane integrity as the agitarion ratc is incre~sedand this is confirmed by the loss 

of viability. The amount of h~u relea,ed into smpemion reached a peakar600 rpm whilcthc 

impeller speed at which the metabolic' ac,ti"it y of the cells is nor compromised is optimum at 
400 rpm. Thus, the subsequent performance of cropped yeast is dependent on prior swrage 

agitation rate and the foam stability and beer flavour and taste is compromised at medium 

agnatIOn rates. 

The reason [or the increase in the amoum of h~zc as the impeller speed is increased is that as 

the agitation rate is increased, the yeast suspension becomes mOre turbulcm and the 
mcch~nical abrasion of th~ cell wall is increased (Lewis ~nd PocrNaJ1taro, 1991) and the cell 

wall is One of the major consUUlents of hau . As the ""II wall erodes, cell contents ~rc relcased 
into rhe susp"nsion and protease is found in the cell content which is the reason why the 

amount of prOle~sc increases with agitation rate. Erasion of the cell w~ll renders the cell wall 
porom which Can lead to cell dcath ~nd hence the reason for )oss of viability. 

6.3 EFFECT OF IMPELLER TYPE ON YEAST QUALITY 

On investigating the effect of impeller type em yeast quality, twO impellers were used: rhe 
Rushwn wrbine and 45" pitched blade impeller, These two imfX'llers effen mixing by either 

radial mixing or axial mixing. The impellers were of standard geometry. The eXfX'riments were 

conducted at 4 and 14"C, across a range of concentr~tions ~nd ~t ag,itation rates of 400 and 
gee rpm. The c'ontral yeast w~s swred without ag,itation in a sealed bottle in lhe refrigerator at 

6°C. 
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[ligure 6.5 relates how th~ diff~rent impellers affect yeast viabilit),. I'rom [ligure 6.5, it is seen 

that the effect of impeller type i. only noric~d at a higher cooc~otration of 60.7% Wet weight. 

As pttsmto::! in s"crion 6.2, at a suspension of 52.8% wet weight there i. 00 rugnificont 

change in viability even at an impeller speed of &lOrpm. In comparison, there WM 4.70/. drop 

in ,':iability in u.mg the Rushton mrbine as compared with a 1.2"/. drop in viabilit), in using the 

pitched blade impeller at a cell concenmu:ion of 60.7% wet weight. 

.-

(b) 

--, ,--
(0) 

co", 

"., I :~;~J 

"' 
< "" 
f n.' , 

0'" 

'"., 
... , 

"-'- --
I'igure 6.5: Effect of impeller type on viability 

(a) - 528'10 w~. -!£h', 40<:& 400 'Pm (b) _ 52.W. we. Weigh!, 40C & 800 rpm 
(el' 6O.7%wc. weJgh. HOC & 4OO:rpm 

u,z PIWIE ASE ,4,BSORBANCF. 

The result. oi me reiatlonship betv.ecn protease absorbance and impeller type arc shO"I>!1l in 

Figme 6.6. 'lbe y~ast suspmsion used in this experim~nt had a concentration of 60.7% wet 

weight, the vessel tempcratur~ was at 4"(: and the duration of agito.tioo was 8 hour:<. In 

F:iguIcs 6.6, at the lower agitation rate of 400 rpm, there was an increase of 0.010 in protease 

absorban"" using the Rushton turbine and an increase of 0.011 in protease absorbance with 

th~ pitched bbde impeller. However, at an impeller speed of 800rpm the iner""se in protease 

aboorbance was by 0.008 with the Rushton =bin~ and 0.(X)2 with the pitched blade impeller. 
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hgllre 6.6: Ch:1nge;" pmtC:J,e :1b,",)rb:1nc~ :1, a result of di ffHen I ;nopdln I)'fK" 
(.) - 400 'I'm >ill.! (h) _ 80J 'pm; {.) & (h) _ \"e.><]leml'er . .out<"' 4--'C, Du~";,,,, of -.gi'",;(X\;. 8 1.0"" 

Y c"r u)!l0.·n'"cioo; (,0,7"1, "oct weight 

!iJ..J. HAZE GENERATION 

n,e effect of Impdln type on the amount of haze genN~ted undeI ~gttation 'torage is shown 

in Figllre 6.7. Change 111 d,c amount ofhazc LS defined:1' thc ",,,io of particubr~ tn:1t<crial with 

diameter less thon 2 ~Im in d,e y~ast suspe<!",on "'lllSh had been stottd for 8 hours and 

agilm~d compared with thm which had been 'tored for 8 hour" but not agltaled (control), 'lhe 
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conCClltation of the yeast susp=81on used to obtain the data in Figure 6.7 is 60.30/. w~'t 

weight It can be seen that the Rushton rurbine produced mOte haze than the pitched bbde 

lIllpeller. It seems that this eff«t is more pronounced at an agitation r.lte of 400 rpm. There 

was no additional haze generated on inerCMing the impeller speed from 400 to 800 rpm with 

the pitched blade impeller. However, on c1umgmg the impeller type from pitched blade to 

Rushton turbine there was a 3.2 fold IflcrCMe on the amount of haze genern.ted at 400 rpm. 

Further at an agitation rate of 800 rpm, the Rushton rurbine generatcd 2.1 time, more haze 

than the pitched blade impeller. 
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l'igure 6,7: Eff«t of impeller type on haze amount on agitating for 8 hours at 4-'C 

!!.J..± \'11' ALI1'Y 

In Table 6.3, the growth parameters obtained from the growth curve' of yea't suspemion 

that had be= agitated by the two impellers at 4-"C for 8 bts before being grown under 

anaerobic conditions in .MYPG med.ii! is shown. The growth nte in ferm=to.tion following 

storage under agitttion by the Rushton turbine i, less than that of the pitched blade impeller 

at 800 rpm by 0.05 h-' and at 400 rpm, the difference beT1>'een the growth rate, i, 0.01 h-'. 

The difference in growth rates obtained from using the two types of impellers is rugnificant at 

800 rpm (standard devi<lrion is 0.02 h-I) but not significant at 400 rpm. The biomass yield cbto. 

showed an innc..,e in yield following agitation with the Rushton turbine when comparing 

pitched blade impeller with Rll.,hron rurblne at 400 and 800 rpm. In the case of the 

exponential pha,e carbon dioxide yi.cld, there wa, a greater inerCMe in the yield following 

agito.rion with the Rushton turbme compared to the pitched blade impeller, This can be 

interpreted as a greater requirement for metabolic energy under these conditions. 



Univ
ers

ity
 of

  C
ap

e T
ow

n

6-10 



Univ
ers

ity
 of

  C
ap

e T
ow

n

,,~ 

_ 1.1 

!, 
i ' 
~ L 

f , • 
j 

6.4 EFFECT OF Dn~:\TIQN 01' AGnATION ON YEAST Q U AI.JTY 

Experiment:! were conducted to compare the effoct of the duntion of agitation over 4 1m5, 8 

hIs and 24 hrs on y~t quality. For this set of experiment:!, the Rushton turbine was used al 

impeller speeds of 400 and 600 rpm (1.47 and 2.20 ms'). 'Ibe temperature was kq>t const:Ult 

M 4"C. As the control, a yeast suspension that WM storw in the refrigerator at 6 "C without 

agitation for the duration of the Cl<pcriment. 

n.±J YIABILITY 

The effect of the du",tion of agitation on yco", vi~bility following agitation b), a Rushton 

tut:bine ~t 400 rpm ~nd 600 rpm at a temperature of 4"e is pr~ented in Figure 6.8. The 

concenttat:ion~ of the y=t suspension used were 51.8 ~nd 62.2 % wet weight. lbe control 

yeasl suspension was stored in the fridge for a duration of 24 Im5 at 6°e without agitation. 

The vertical axes in Figuee 6.8 show the decrease in viability calculMed as the difference 

between the viability of the control yeast sU~p""~ion and that of the experiment, At .. yeast 

concentration of 51.8% wet weight and an impeller speed of 400 rpm, the viability did not 

change significantly with the duration of agiration. By the 24'" hout the loss in viability 

amounted to 0.6% which i, not a ,tati,tically significant cllitnge ~s the st=da.rd deviation for 

the viability assay is 0.95%. At an impcller speed of 600 rpm and yeast concencrntion of 

51.8% wet weight. no consistent trend in viability was seen with time. The increase that 

occurred in the 24" hour may be attributed to o"}'gen enttainment during sampling. At a yea't 

conecncrntion of 62.2''10 wet weight and an impeller "peed of 400 rpm, the chang<' in viability 

is only significant at the 24'" hour of ogi",tion (a dccrca~e of 1.9%). However, at a 

eoneenttation of 62.2% wet weight and 600 rpm, a decrcose in viability in the tange 1.1 to 

0.9% from 4 to 24 hours of agitation is observed. However, the maximum decrease occurred 

in the 8~ hour. 

(.) (b) 

" 
u 

I · "~I ! . "",. 
" 
" • ! " , , ~ 

! 
! 

_L' 

" , 
" "' ','0- "''';''';~ (1.) T ...... op"""" (k) 

FigtIre 6.8: Effect of dun.tion of agitation on )'e~t ,ciability on storage at 4°C using Rushton 

turbine. (~) - 400 rpm, (b) - 600 rpm 
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M2 PROTEASE :\I3SQRI3A~ct; 

Release of Illtracellular protease under the same conditions discussed III Section 6.4.1 is 

prescnted in Figurc 6.9. According to the statistical analysis done on thc protuse absorbance 

in Section 4,3.2, protease release '" only significan t (95% confidence limit) if the change in 

absorbmce is more than 0.002. At a yeast concenlTlltion of 5Ulo/. wet weight and an impeller 

"peed of 400 rpm, there", an increo.se of 0.014 absorbance units in the amount of protease 

released in the 1~ 4 ~, an increase of 0.001 in thc g" hour and a decrease of 0.003 in thc 

24· hour. At a concentration of 62.2% wet weight, there w..,; an increase in the amount of 

protease release throughout. At thc 4" hour. the changc in protea&C aboorhance amounted to 

0.013, at the 8~ hour, it almml doubled to 0.025 while at 24 hOlm!, the change wa. found to 

be 0,(140. Thc conltO! yeast ~Iso experienced an increase in proteasc absorbance of 0.010. 

Finally, at 600 rpm and a suopension concentration of 51.8% wet weight, there is a ilight 

incrc.t.Sc of 0.007 in the amount of protcasc released in the 4'" hour, a slight dccreasc ofO,OOG 

in the 8'" hout and a change of 0.008 in the 24~ hour. However at a higher concentration of 

62.2% wet weight, thc incrc.t.Sc in thc 4'" hour is almost a 100"/0, this decreases to an increase 

of 67% in the 8· hour and finally to an increase of 29.0"/0 in the 24'" hour. For thc ycast 

suspcnsion with a conccntr:l.tion of 51.8%, the change in protease ab"otbanc~ is most 

signifiClnt in the 4~ hout of agitation ",-bile in the case of thc yeast snspension with a 

concentration of 62.2%, thc most significant change in protease '-" in the 4"' hout at an 

agilll.oo..1 rate of 600 rpm and in the 24'" hour at an agitation tane of 400 rpm. The control 

ycast also experienced m increase in the ~mount of prot=e release of 39.4% (0.012 in 

protease absorbance) o,-er the 24-bour period 

Figure 6.9; Effect of dutanon of agitation on protuse ahsorhance nsing Rushton rumine 
(.) -400tpm,(L)-(.oo'l'm 
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.G..±.,1 HAZE GENEMTION 

The generation ofh.ze as • function of the dur~tlOn of ag>l:.ltion wa;, ,tudicd using a Ru,hton 

turbin" at GOOrp111, a y".,t wnc"ntmtiOfl of (,1 ,()Ofo wet weight, and a lemper.tu.r~ of 4"C. Dar .. 

~< pt~,~ntcdlIl hgut~ (dO. A, the dU1-ation of agi~ .. tion inc",'as"s th" amount of h.zc found 

In tk su,p~n,ion aho lncrc",cd. Tn Figure 6.11, the dfe", of duration of agitation on the 

amount of haz~ tdeascdlS ,hown mill? )'~a<t ,u,p~n;ion with a conccntuLion of 62.1% \wt 

weight at impelkr 'p"",b of 400 and GOO rpm, The amount of haze increases as [hc dur.lJon 

of agiut1ot11nC1'c",,"'''' ~nd th" cff"ct" 11101", pronouncd .t GOO rpm. 

T;m< ol.r;t. ';Qn (h) 

Figure (,,10: Effect of the dmation of 'h'lt.tion on the amounl of h.zc rcic"cd using Rushton 

tud,in" at (,(() rpm and 4"C. Yea;,t ;,ll;,pcn,ion conccmration is (,1.0'% weI w~lght 

< 00 

I 
j 

I 

. 0,>,," , 
• <00 'P"" 

0 '00, n 

iiigutc 6.11: i':ff"a of duration of agitation on the amoulU of haz~ rd~as~d uSlllg Rushton 

tmbine .t 4"C. Y "ast sll'pcn,ion conccnttotlOn i, (i2.1'~';, wct wdght. 
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MA VITALITY 

To ulV~stigo.te the effcrt of the duration of agit~oon on yeasl quality, a yeast suspension thaI 

had been agitaled for 4 hours and 8 hout~ at 4"(: before being gtown in /l.lYPG media for 2.:1-

hours werc compared. Th~ yeasl suspension of 56.0'% weI weight was agitaled by the 

Rushton rnrbill~ at rates of 0 to 800 rpm and a temperature of .:I°e priot to fermentation. In 

rigur~ 6. 12, 4-hour data are compared wim 8·hOllr data across a rangc of impeller specds. 

'Ine growth ratc~ are lc~~ for the suspension that w"" agitated fot 8 hours as compared with 

m~ suspension mat was agitated for 4 hOllrs except for thc 200 rpm dat>.. Th~ ~xponential 

phase biom""s yield is significantly more fot the suspension agita ted for 8 hours but as thc 

speed increases abo\"~ .:1-00 rpm, the diffcrencc reduces. In addition, me cxponentiol phase 

carbon dioxide field ,hows a difference when comparing across durations howeycr, the 

change in bionuss conccntrations docs nol follow any particular ucnd. 

(0) ,. (b) 

I · ' ''~ I ...... "Oi ,;'. , 
~ 0." 

~ ' " , 
" ." 
i ~ 

I u • 

•. " .. 
0 M - " 

L""",' " ,,~d I .. ~) I",,,,,",, ' p«< ("",,) 

(e) (d) ,. 
I · ·~I ,,- ! ' 

~ . 
" ,." 
I 
i '" 
g ,. 

'.'" 
" " ,~ ,. 

J ...... L ... "", ( ... ,,) [ ........... ,~.~L I",,", 

Figure 6.12: Effect of duration of agitation on growth parameter:s 
(~) _ Growth " 'e; (b) - Biom ... yidd; (c) _ Iocrnoe In I:k>m . .. co1>crntutioo; (d) - C>.!bon dioxick Y'<ld 

Comparing thc c"poncntiol ph~e glucose utilisation ratCS (se~ Figutt 6.13) it can be ST~tcd 

that me suspension mat had been agitatcd fot 4 hours priot to ft'tmcntation utilised glucase at 

a faster rate than that which had been agitated for 8 hours. Nonetheless, m., <:Moon dioxide 

~I ' . . ..... I 

'" 

I · :: '~~ .. ,~ 
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formation fate, arc slightly diffc,-cnl fot the two dur"tion, of agitation exccpt al. (.00 rpm, 

whcre the difference is more pronounccd. 

Figure 6,13: Effect of duration of :>g;t~tion on gillcose LLtiiisM10n ,mJ CO, form~tion '-M,­
(.) _ '~I",,,.., uljli,"",~, ,ole, (I,} _ C"l.", ,]i"."d. [onru,;cm ,ak 

M,5. SUMMARY AND DISCUSSION OF EXPOSURE TIME EFFECTS 

In invc"igaling Ihe dfce[ of duratiofl of agt"'llon ()fl yeast quality, yeaot ""pemion was 

"gicnu! fo'- 24 hOLL'-, ~t 400 rpm unJ 6((l rpm anJ Ihen a"aycJ for yca' i '1ualttr indicator,;, 

'lhe more concentrated "us~n"on (62.2'% ,,-et wdght) cxpuienced " mo", p'-onounc~.J 

dec",,,,,,, in viabililY and an incrca"" 1ll protca"" rciea,c at bOIJi speed settings and these 

i"c",~,cJ wilh increasing Juration of c"JX'"'''' indicating mat d\c long-tcrm cXJX',ure to 

agitlition k~ds to ~ loss of vi"bility and munb''llnc i'",,:grity. I lowc'-c'-, on d,llltion of th" )'eust 
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susper.~SUItn concentration on 7·1 
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L1 VIABILITY 

In Figtlre 7.1, the rea"l viability mtisured by tnethyl~ne blue staining is reponed al diffeJ:ent 

sllspension concentrations. The relationship between suspension conc=tratiol1 and vio.bility 

""" been compared aero .. impdlu .pc<:xi. (200, 400 and 800rpm) and tcrnpw<tuJ:es (4 and 

14"C). At 200rpm, th~ is no significant change 111 viability over the rwge of concentrations 

shown (41.0 - 65.6% wet ,,·eight). However as the agitation rate m=ses to 400.rpm (impdler 

tip spttd of 0.72 ms"), a 10 .. of viability is only noticeable at higher suspension 

concentrations such as a decline of 2.5~/o at 6J.l1"/. wet weight al 4"C and a decline of 3.4"/. at 

78.4% wff w6ght at 14°C At an imp"Uer speed of!lOO rpm, the loss of viability is even more 

pronounced; a dec~ of 5.80/. is "an in Figure 7.1d at an agitation rate of 800 rpm and H OC. 

In .. of yeast quality as shown by viability is mote pronounced the more concco.trated the 

yco.S! SUSpetlSlOfllS. 

(b) m. 

•• ~ .. . 

• • 
t " f I , '" I , 

"' 
.... 
f'" 

Figme 7.1: Change In viability with cell concentration on agitation with th., Rushton tutbin., 

for 8 hours. 
(o) _ 200rpm & +'C, (b) - oIOOrpm & 4'C, (e) _ 400rpm & 14<'e. (<I) _ 800tpm & 14'<: 
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7.3 PROT EASE AllSOHI3ANCE 

Protease rde~e was measured by using the method proposed by Robinson (2001). Tn Figure 

7.2, the gene.r.u trend acr08S concentrations is that protCMC rclease increases M cooccntution 

incre~cs. Thcre is a ~ubstlUlt:ial amnunt nf protease release in the lower concentration ranges 

at 200 rpm and 4 "C (0.01 G at 41.8'10 ",.e[ weight ond 0.Q18 at 55.4"10 wet ,,·cight). How""'er at 

400 rpm and 4 "C, thc amount of protease release increase" 56% increase at 51.8% ", .. et 

weight, 68% increase llt 57.0%, 9G"Io increase at 61.2"/. wet weight and art increase of 123% ~t 

6.11% "et wcight. Finolly at 14 "C, the increase in protease ,..,Iease aero .. conccnrn.tions is 

not as pronounced. The results illustrate that there is loss of membnne integrity on agito.tion 

under refrigcrated conditions as ~uspcnsion conccntration incrCMC~. Thi~ suggests th~t yCllSt 

quality on storage is influenced by the tempe.rarure history of the yell't, with resilience 

decrcased by cxpo~urc to decrcasing temperature. This is furthcr discussed in Ch~pocr 8. 

(el 

(b) ,. 
,. 

I ,., .. m 

i HX , 
W ( 

,. 
'''' "., 0 <2 

W., wri", ("1'0 ) 

(d) ,. 
,. 
,. , ,," 

I ' .OM 

o. 

I ,."" • "" 

'" ""',,, ~ . .;.,,, ("') 

Figure 7.2: Change in Protcasc ~bsotbancc with ~uspension cnnccn't"At;On on aglbltlOn w1[h 

the Rushton rurbine for 8 hour:>;. 

(.) _ 200rpm & .;.>C, (b) - 400rpm & 4"(;, (0) - 400rpm & HOC, (d) _ >(ii)r:pm "" we 
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7.4 HAZE GENERATION 

The amount of haze fOUIld in suspension carl affect beer clarity (O'Connor-Cox, 1994) and 

downmcam processing (Siebert d al., 1987) hence. the amount of hue found in suspension i. 
one of m., indicators of yeast quillity. In Figure 7.3, the relationship between the incre"sc in 

the amount of haze (Notrnaliscd with respect to ronuoQ and suspension concenuation is 

.!>own. 'tbis data was obtained by agitating the yeast .u"]>emion with varying concentraoons 

at 200 rpm and 600 rpm and 4"C 21ld then 21".ly,ing for the amount of haze (,ub-- 2J.1m) by 

the use of the Malvern mastersize[ (s"e Section .3.9.4) The increase in the amount of haze ha. 

been defined as the mrio between the amount of haze found in tt .... ted yeast and that found in 

the contrOl yeast. The normalised h,,~c amount increases only slightly a. the ,uspcnsion 

concentration mere""". at an agitation tate of 200 rpm. However, at an agitation tale of 600 

rpm, the amount of haze genented and the increase in haze as the concentration increases is 

more pronounced. 1his result suggests that the amount of haze is dependent on the 

concentration of the SUSpe1lS1on. Consequently, the more concentnted the yeast suspension 

is, 1he higher 1he probability that the yeaM quolity i. compromi.ed. 

j 

! 
j , 
• • 
~ 

~.n 

3.~ . 200 <pm- -Idoll""" 

. 600 m ~. •• 
'" 
" 
'" .., 
u - - - --.. 
n,l; 

41.8 55.4 6t.9 15.: 

W e! weight ('!oj 

Figure 7.3: Effect of r"""t suspension ,",om:entratio n I)" th~ alnl )uIU. of ha~e rele<tsed 

Le!:"od: - - - - - - - - "-"orrn.llin< 
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B.:.2 VL\RTI.TTY 

Y~ast viability was measured by the lise of the methylene blue staining method. The 

difference between the viabiliri." of two yean saruples is said to be significMU if it is greater 

than 1.\%. In Fig<lre 8.1. the rel.o.tionship between the storag~ ttmperaru"" and yeast vio.biliry 

is shown. In Figu"" 8.la, th~ .,ffect of storage temperature 00 yeast suspension with a 

concentration of 48.9"/. wet weight is shown and Figur~ 8.th is for yeast suspension with ~ 

concentr~rion of 59.9%. Tn both cases, Rushton turb'n., ~t ~n agitation rat., of 400 rpm 

fllnpeller tip spttd of 0.72 liS") was used. At 48.9'% wet weight, thete is no significant ch~nge 

in viability across the two temper:>rure settings. Howev~r, ~t a higher sllSpension 

concentration of 59.9%, there is no statistically significant teduction in viability ~t 14"C 

whereas there is a 3.2% reduction in viability ~t 4"C. 

".0 

~ 
., • c,,,,,roj 

97.0 . "" ... ' ....." 

., 
~ , 
c ".0 • 
~ ,..0 

".0 

".0 

91,0 

".0 
• " 

1'<mp"""'" ('C) 

100.' 

<I,' ~c~~ •. ~"~'. . 
""., 

C ,",.0 
c 

• 'Z,' • 
~ 
:;: " .0 

",0 

",0 

".0 

• " ... ........ ,"'" ('C) 

Figure 8.1: Effect ofTelII:petatulc on Viability using Rushton turbine at 400 rpm for an 

agitation period of8 hour" 
(oj _ 48,9% wet wcigh~ (b) - 59.9"10 wet weight 
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8.3 PRQTE, .... SE ABSORBANCE 

The amount of prote..:se rdeased was measured by a modified method by Robinson, (2001). 

The diff~renc~ between the ptotea:se absorbance of two ),,,",,,1 sample. "'" .oid to k 

stan.tically signifirnnt if it is grear"r than 0,002 In Figure 8.2a, yc:<st suspension of 48.9% wet 

weight and Rushton turbine at an agitation rate of 400 rpm (impeller tip spe~d of 0.72 ms") 

was "'00 and in Figure 8.2h, slightly diluted yea:st "uspemion with a concenmuioo of 44.0% 

wet weight and an agitation rote ofSOO rpm (impeller tip speed of 1.44 ms"). At a swpenruon 

concenmuion of 48.90/. wet weight and an agitl!tion rote of 400 rpm, as the storage 

tempenrure inCttas.ecl from 4 to 14"C., the amount of prolease relca:soo inCleased; an increase 

of 0.002 at 4"C and an increase of o.on at 14"C l\t 44.(l"/o wet weight and a higher agitation 

r~tc of 800 rpm, 1here Wall no rugnificant increase in protease ab.orbance at 4"C (0.002) but a 

significant in'Il'ase of 0.009 at H OC 

'-''' ' ,-

~ 0.'" 

1 
J 

I 
I 

.. 

1 

• " 
T""f"""'''''' ('q 

Figure B.2: Effea of Temperature on Protease Abwrbance 
(.) - 48.9'1, ,.;"'weight & 400 <pm, (b) - +4.0 '/, wctwdght & BOO <pm 
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1l>e IP1UUlll of ;'a~" g~",'nI wu 'uellfurcd by the use of a parnde sOc di.mburion Curn 

obulllnl from m~ Maslr",i2".. A <.kWfcJ noc:thodo1ogy for quanr::tfying the unount ofhazc i • 
• bO<Vtl in Sect100 J.g.z.l. loigurc IU IhnWS bow the: "mount of haze gcncuwJ cha~ wi,h 

,Il<' '=g" !tmperature. Rushton turbme at agitation r:>tc~ of 400 and 800 rpm and rhe y,""st 

with a concentration of 60.70/. weI weigh! waS wed to obtain the d.la in Fib"llfc S.3. The 

dunnion of a~tation wa~ 8 hours. A. an u"pclJ... IIfJCed of 400 rpm (unpel-"', up s~d of 0.72 

ms '), too.: i. a slighl inct<:aSc (1S.9"'0) ltl the amount of bau 011 in"''''Rllg It..: "end 

n:mpc:nuute from 4 to 14"c. Hmw: .. er. an "l"4lclJer "p«<I of 800 rpm (unpeUe'!l1' speed of 

' .44 m. ~ and iacrea=g the .. told l~m!>«lIturc frum 4 to 14"C 1M to 61.S·!. inerase in the 

"mown of haze. 

! '" '.00 

j 
] 

J 

• <to 'I''' .j .. , " 

"","p~"'I"'" ('C) 
" 

Figu.~ S.3: Efkcl of lemperarurt on Ihe am!)",n! ofh""" genernled using Rushlon turbme and 

yeast concentntion of (.0,7% weI weight for 8 110 ... ,", 

~ V IT ..... UTY 

"I'll.· <.bra shown in Tab .... 8. 1 and 8.2 "ere .~ "aln~d by agruoring yr:n • ..,>pen ....... w.,h a 

«>Iw:eflU.oon of 46.1 % ";CI "'eit::hl ",rh Rush"", IUmll>C for a durnunn of 8 noun, The 

g..,...·cb rare Iner.,....,. a. the "c"", Icmp..nture is incru..,d from 4 to 14°C a1tbo..gh m~ 

momaOll yieLd docs no! ch:ange and neld>c' <.Ioc:~ Ihe carbon diOlcide y>cld. Ho"'c"et. tb" r.tio 

of Ihe Inltl>ll to final cell conc~trar",,", UlC'~UeS significantly (Table !1.1). The &ubstN. re 

uI;1i~ation rale inc=""" as the lemprt:llUlC illCfc .. e' while the carbon dioxide f<ltm~tion rate 

.J..:aenc5 .lighd)· (Tab-'" 8.2). 
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93.7 

0.95 
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B.2 Direct Aficro."icopic cell counting 

.li.2.J N ETBOD 

The diluted .uspcn>ion in PBS, EDTA and methylene blue <oluti()n (Appendix AI) is placed 

on the haetnocl'tomctcr and covered with a cover slip , The oountin~ chamber is vkwed 

under a brighfield micro.copy at X400 magnification. The chamber consi.t< of 25 blocks 

with each block consisting of 16 smaller square •. The depth of the chamber i. 0.1= and 

each block covers a 0.0001=' area. Cell. are counted in all 25 blocks enswing that an 

average of 200 cells are counted in order to have a statisncolly significant count Cell. hOlVing 

less than 50% of their size enclosed in the perimeter are ignored (cell A in Figure Bl). while 

cell. with more than 5CP!. enclosed widrin the perimeter line. are counted (cell B in Figure 

BI). In counting budding cells, buds that are more than half the size of the mother cell (Cell 
C in Figure Bl) are regarded as fully grown cell, and counted a. <uch. However, bud. that 

"'" smaller than half the SIze ofthe mother cdl (Cell D in Figure Bl) arc ignored Thu.<, cell 

concentrations and viabilities are calculated by USIng equations Bl and B2. 

," .~"- -

_. __ .• 
""-'-, 

,/ 
. . .. I ,,,<JJ A 

/ • 
C • C 

C ,~ (joll C 
, 

" " , cD o~, 

- ,~ , , 
C " / 

O.&D 
. 

i 
, 

0 0 , , 

" / 
, . " .- , ..... _-' 

Figure Bl; Direct Cell count 

Cdl com:emration(cd#! ml) ... - Equ~tiou B2 

R.U REpRODJJCIBILITy 

The standard deviation for cdl concentration on fout repeated samples i. 0.08 • 1(f cell'/m! 

and a coefficient of vattance i. 4.7%. 
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B.S Small Scale Fermentation 

B.5.1 METHOD 

A Sml aliquot of y.ast suspension is used to inoculate 60ml ofMYPG m~dia (App"ndix 
A.3 .1) in the laminar flow cabinet to avoid contamin~tion. E~ch flask i., s."iled by the,"", of 
a rubb.r bung fitted wIth a glass tube containing silica gel. The glass tube i., plugg. d with 
cotton wool which has the du~l function ofkcepingthe gd from falling into the media and 
keeplllg contamin~nts at bay. The function of the silica gel is to absorb any molSlure 
evaporating from the flask. A schematic of the small·scale fermentation is shown in.Figur. 
B2. Afur inocubtion, th. flask is incuh~ted in aJO'Csluker incubator and ,haken at aspe.J 

of I.'iOrpm. S~mpling (sampl~ ,iu of ~boUl 2ml) was dom every two houts for th~ first 8 
hours ~nd ther. afur at 24 hours. Th. '~mples uken w~r. ~nalY'ed for biomass 
conceIllration, gluco,", conc ' Ill;ration, m.thyl~n~ blue viability and budding intkx. To 
evalu~te th~ amount of c~rbon dioxid. evolv~d, th . m~.'" of the flask hdor. and after 
.,ampling w~.' recortkd. Th~refore ~ny w. ight loss is ~tlributed to carbon Jioxid~ . 

MYPG + Y=l 

.Figur~ B2: Set·up for small·scale fermentation 

B.S.2 REPRODUClBl.LITY 

The reproducibility of the small·sale fenncIllatlon is reported in Se.,.,ion 4.2.3.2. 
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B.6 Glllcose Ass:lv 

B&.ll\lEI'HOD 

'[be 'te!", listed below Weft followed in order to quantify the am01l1lt of glncose in a sample. 

Frnt, ~ standard Cllr"e for glucose is obtained by: 

1. Dissolve O.lg of glucose in 100 ml of dis<illed water 

2. Pipette out 0, 100, 20(J, 400, .')00, 60(J, 80:), 900 III oftht "hove ,olution into ttot tube, 

and make them up to 1m! with distilled water. 

3. Add (j(X)j.l1 ofDNS '""gent (Appendi1< A,3,2) to 600).t1 of gluc",e 'ftmple into a ltsllube. 

4. Cover the test rnk with parafihn. 

5. Ileat the mixture ~t 9(f'C for 5 min to deyelop a ""d-brown colour 

6. Plpcrre 2OOj.l1 of the Rochelle "all and add it to the mixture to ,tabilise the colour 

7. Conlto 1'<XIm temperature in a col.d water bath 

8. Record the absoro..nce at 574mn With the use of a spectrophotom~1ct. 

9. Obtain ~ linear regression of the gluc~ concentration a, a functIOn of the absorbance 

(Standard curve). Fig>= III iliows a typical calibration curve. 

LinCal: regrcssion: 

Glucose co>lcemration(gll) = slope * obsoroonce+ cO>lstanl----- Equation B4 

, 
~ J. , 

0,1 -

,'--------------------------------
0,(') 0.:.1 :.(0 

Figure Ill' Typic.l ,t"nd"d mr.rc for dtttrtnim liOn 01 g-ILLco,;e COtlC.,llr,u;oIl 
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0 
2 

4 

6 

8 

24 

1 

2 

3 

4 

4 

4 

4 

4 

4 

6 

6 
6 

6 

125 

314 

324 

335 

335 

347 

496 

519 

510 

3 

15 

23 

78.5 

81.1 

86.8 

82.6 

86.4 

20.9 

8.33 

C3·1 

1.04 
7.24 

36.1 

4.01 

10.2 

27.9 

2.50 3.287 
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C3·2 

0 
2 4 0.950 

4 4 4.64 1.16 
6 4 

8 4 0.011 

24 4 

1 6 

2 6 

3 6 1.23 0.043 

4 6 1.21 

1.426 
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C3·3 

0 4 14.6 3.65 0.158 
2 4 15.3 0.220 

4 4 17.8 
6 4 16.3 4.07 0.051 

8 4 0.106 

24 4 17.1 0.228 

1 6 3.87 

2 6 24.6 0.157 

3 6 0.110 

4 6 

3 1.71 0.208 

15 0.158 

4.96 
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C3-4 

0 
2 4 

4 4 1.18 

6 4 0.001 

8 4 0.002 
24 4 

1 6 21.4 21.50 

2 6 21.9 

3 6 20.9 3.48 

4 6 21.1 

434 5 
0.107 3 

15 

23 
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C3-5 

0 
2 

4 4 2.36 0.591 
6 4 2.09 
8 4 1.96 
24 4 1.32 0.331 0.000 

1 6 2.77 0.042 
2 6 2.73 0.455 
3 6 2.70 

4 6 2.79 0.466 

0.141 0.934 

15 

23 
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C3-6 

2 
4 4 3.00 O. 
6 4 13.3 3.32 
8 4 14.4 0.225 
24 4 3.97 0.308 

1 5 2.80 
2 5 17.5 
3 5 2.84 
4 5 3.27 

15.2 
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C4-1 

Anon: Two-Factor Without Rtplic:aticln 

0.0679 4 0.0012 0.0003 0.0000 
0.0791 4 0.0029 0.0007 0.0000 
0.0921 4 0.0066 0.0016 0.0000 
0.1073 4 0.0153 0.0038 0.0000 
0.1250 4 0.0352 0.0088 0.0000 
0.1456 4 0.0774 0.0193 0.0000 

0.1697 4 0.1594 0.0399 0.0001 

0.1977 4 0.3034 0.0759 0.0001 

0.2303 4 0.5235 0.1309 0.0001 

0.2683 4 0.7858 0.1965 0.0001 

0.3125 4 0.9643 0.2411 0.0003 

0.3641 4 0.9433 0.2358 0.0005 

0.4242 4 0.7886 0.1972 0.0006 

0.4941 4 0.6389 0.1597 0.0006 

0.5757 4 0.5368 0.1342 0.0007 

0.6707 4 0.4977 0.1244 0.0006 

0.7813 4 0.5915 0.1479 0.0006 

0.9103 4 0.7740 0.1935 0.0005 

1.060 4 0.9295 0.2324 0.0004 

1.235 4 1.063 0.2658 0.0004 

1.439 4 1.143 0.2858 0.0003 

1.677 4 1.120 0.2799 0.0003 

1.953 4 1.145 0.2863 0.0004 

2.276 4 1.516 0.3790 0.0003 

2.651 4 2.409 0.6023 0.0001 

3.089 4 4.172 1.043 0.0001 

3.598 4 6.832 1.708 0.0010 

4.192 4 10.83 2.707 0.0044 

4.884 4 16.35 4.087 0.0127 

5.690 4 23.61 5.902 0.0411 

6.628 4 32.06 8.015 0.1171 

7.722 4 39.64 9.911 0.2391 

8.996 4 43.61 10.90 0.3343 

10.48 4 43.94 10.98 0.4784 

12.21 4 41.26 10.31 0.0247 

14.22 4 34.69 8.672 0.0055 

16.57 4 27.71 6.928 0.0466 

19.31 4 20.95 5.238 0.1020 

22.49 4 14.92 3.729 0.1342 

26.20 4 9.949 2.487 0.1282 

30.53 4 6.155 1.539 0.0945 

35.56 4 3.484 0.8709 0.0544 

41.43 4 1.538 0.3845 0.0687 

48.27 4 0.3451 0.0863 0.0059 

56.23 4 0.0158 0.0039 0.0001 

65.51 4 0.0000 0.0000 0.0000 

76.32 4 0.0000 0.0000 0.0000 

88.91 4 0.0113 0.0028 0.0000 

103.6 4 0.0729 0.0182 0.0013 
120.7 4 0.1333 0.0333 0.0044 

140.6 4 0.1751 0.0438 0.0077 

163.8 4 0.1870 0.0467 0.0087 

190.8 4 0.1680 0.0420 0.0071 

222.3 4 0.1230 0.0307 0.0038 

259.0 4 0.0780 0.0195 0.0015 

301.7 4 0.0330 0.0083 0.0003 

64 100 1.563 9.101 
64 100 1.562 9.534 
64 100 1.563 8.798 

Total 
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C4-2 

Anava: Two-Factor Without ReIPlicati(ln 

0.0679 2 0.0011 0.0006 0.0000 
0.0791 2 0.0035 0.0017 0.0000 
0.0921 2 0.0111 0.0055 0.0000 
0.1073 2 0.0351 0.0176 0.0000 
0.1250 2 0.1059 0.0529 0.0000 
0.1456 2 0.2880 0.1440 0.0001 
0.1697 2 0.6928 0.3464 0.0001 
0.1977 2 1.472 0.7358 0.0000 
0.2303 2 2.778 1.389 0.0003 
0.2683 2 4.633 2.317 0.0046 
0.3125 2 6.672 3.336 0.0181 
0.3641 2 8.262 4.131 0.0372 
0.4242 2 9.253 4.626 0.0521 
0.4941 2 10.07 5.036 0.0638 
0.5757 2 10.66 5.329 0.0690 
0.6707 2 10.47 5.237 0.0574 
0.7813 2 10.04 5.022 0.0415 

0.9103 2 8.838 4.419 0.0222 

1.060 2 7.635 3.818 0.0099 

1.235 2 6.424 3.212 0.0036 
1.439 2 5.270 2.635 0.0011 

1.677 2 4.147 2.074 0.0002 
1.953 2 3.116 1.558 0.0000 
2.276 2 2.310 1.155 0.0001 
2.651 2 1.782 0.8909 0.0005 
3.089 2 1.205 0.6023 0.0010 
3.598 2 1.384 0.6919 0.0030 

2 1.964 0.9820 0.0084 

4.884 2 2.993 1.497 0.0204 

5.690 2 4.512 2.256 0.0414 

6.628 2 6.505 3.252 0.0751 
7.722 2 9.026 4.513 0.1477 

8.996 2 10.86 5.432 0.1543 

10.48 2 11.32 5.660 0.1014 
12.21 2 10.31 5.153 0.0352 
14.22 2 8.418 4.209 0.0035 
16.57 2 6.319 3.159 0.0007 
19.31 2 4.406 2.203 0.0038 
22.49 2 2.851 1.426 0.0037 
26.20 2 1.691 0.8454 0.0021 
30.53 2 0.8870 0.4435 0.0011 
35.56 2 0.3710 0.1855 0.0005 
41.43 2 0 0 0 
48.27 2 0 0 0 
56.23 2 0 0 0 
65.51 2 0 0 0 
76.32 2 0 0 0 
88.91 2 0 0 0 
103.6 2 0 0 0 
120.7 2 0 0 0 
140.6 2 0 0 0 
163.8 2 0 0 0 
190.8 2 0 0 0 
222.3 2 0 0 0 
259.0 2 0 0 0 
301.7 2 0 0 0 
351.5 2 0 0 0 
409.4 2 0 0 0 

64 100 1.562 3.673 

Total 464.3 
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C5·1 

Anova: Two-Factor Without for concentration of 36.10/0 wet 

Rushton turbine at an rate of 800 rpm at 14 

0 
10 3 0.743 0.248 1.04E-03 
20 3 1.02 0.340 2.10E-04 
30 3 1.03 0.343 2.77E-04 
40 3 1.06 0.354 1.30E-05 
50 3 1.06 0.354 5.03E-05 
60 3 1.11 0.371 6.63E-05 
70 3 1.07 0.357 4.08E-04 
SO 3 1.06 0.352 8.63E-05 
90 3 1.07 0.355 1.75E-04 
100 3 1.05 0.350 S.30E-04 
110 3 1.04 0.345 3.03E-05 
120 3 LOS 0.358 1.0SE-04 
130 3 1.07 0.357 1.08E-04 
140 3 1.12 0.374 2.40E.04 
150 3 1.08 0.361 2.ooE-04 
160 3 1.07 0.3S6 1.6OE.04 
170 3 1.09 0.364 6.30E-OS 
180 3 1.11 0.371 6.03E-OS 
190 3 1.10 0.366 1.30E-05 
200 3 1.08 0.360 1.90E-04 
210 3 1.06 0.352 8.33E-06 
220 3 1.07 0.358 5.77E.04 
230 3 1.05 0.348 2.58E-04 
240 3 1.10 0.367 3.6lE-04 
250 3 1.06 0.354 3. 63E-OS 
260 3 1.05 0.349 8.63E-05 
270 3 1.03 0.345 1.70E.04 
280 3 1.07 0.358 7.63E-05 

290 3 1.05 0.350 4.6OE-04 

300 3 1.00 0.334 4.20E.04 
310 3 1.06 0.354 5.03E-OS 
320 3 1.00 0.332 2.5SE.04 
330 3 1.06 0.353 8. 63E-05 
340 3 1.02 0.340 3.03E-05 
350 3 1.03 0.343 8.63E-OS 
360 3 1.00 0.334 6.20E-04 
370 3 1.01 0.335 1.46E-03 
380 3 1.05 0.348 5.83E-OS 
390 3 1.05 0.351 3.S0E-04 
400 3 1.01 0.337 3.58E.04 
410 3 1.01 0.338 1.56E-04 
420 3 1.06 0.353 6.33E-06 
430 3 1.04 0.347 7.63E-05 
440 3 1.02 0.338 8.33E-06 
450 3 1.09 0.364 9.30E-05 
460 3 1.06 0.352 3.0lE-04 
470 3 1.04 0.347 2.96E-04 
4S0 3 1.00 0.334 2.S3E.04 
490 3 1.02 0.341 2.40E.04 
500 3 0.98 0.328 3. 16E-04 
510 3 1.03 0.342 2.58E-04 
520 3 0.98 0.327 6.70E-05 
530 3 1.02 0.340 8.03E-05 
540 3 1.03 0.344 6.30E-05 
550 3 1.06 0.353 1.28E-03 
560 3 1.05 0.351 6.30E.04 
570 3 1.03 0.342 2.77E-04 
580 3 1.00 0.333 1.06E-03 
590 3 1.04 0.347 2.58E.04 
600 3 1.11 0.371 8. 63E-05 

61 21.0 0.344 2.S1E-03 
61 20.8 0.341 2.42E-03 
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Sum 

Variance 

Sum 

Variance 

Sum 

Variance 

Total 

23.9 
0.3920 
0.0044 

23.3 
0.3825 
0.0048 

69.8 
0.3815 
0.0047 

0.0096 
0.0182 

1.82 

1.86 

23.3 
0.3823 
0.0052 

24.5 
0.4016 
0.0061 

71.7 
0.3917 
0.0055 

1 
2 

360 

365 

47.2 
0.3871 
0.0048 

47.8 
0.3920 
0.0055 

0.0096 
0.0091 
0.0051 

1.89 
1.79 

0.1704 
0.1678 

3.87 
3.02 

e6·1 
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D-l 

4 
2 62.0 1 5.4 95.7 

2 62.0 1 5.4 95.7 

2 62.0 24 5.4 96.6 

2 62.0 2 5.4 96.6 

2 62.0 1 5.4 98.1 

2 60.0 2 5.4 97.9 

1 60.0 2 5.4 95.0 

3 62.0 4 5.4 95.0 

1 64.0 1 5.4 95.0 

4 59.6 2 5.5 95.0 

4 38.0 1 5.3 95.0 

2 63.6 1 5.2 95.0 

3 63.9 3 5.4 93.8 

3 62.6 1 5.4 96.2 

1 60.7 1 5.4 94.2 

4 41.8 4 5.4 97.2 

2 63.1 1 5.4 95.6 

2 55.0 4 5.4 96.3 

4 46.1 1 5.4 94.4 

4 67.0 2 5.4 97.7 

7 58.4 3 5.2 97.6 

4 51.8 2 5.4 97.0 

4 53.1 2 5.4 97.2 

2 57.0 1 5.4 96.5 

5 54.0 2 5.5 97.4 

2 60.3 1 5.4 95.6 

5 60.0 4 5.4 95.0 

2 78.4 1 5.4 95.6 

4 61.2 2 5.4 92.3 

4 60.9 2 5.4 96.9 

4 54.4 1 5.4 96.2 

0 65.1 3 5.4 97.6 

4 59.1 1 5.4 98.1 
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18 

25 

o 

18 

25 

18 

25 

18 

25 

75.0 

127.0 

147.0 

773 

1220 

1408 

11.16 

12.85 

97.8 

111.3 

82.0 

156.1 

180.3 

760 

1349 

1558 

10.86 

12.52 

96.5 

111.3 

84.0 

128.6 

149.3 

730 

1194 

1375 

10.96 

12.64 

95.2 

107.0 

83.8 

131.1 

154.9 

83.3 

138.6 

161.5 

1.1 

15.2 

16.5 

O.OIM KCl;"",.. ____ _ 

770 

1209 

1390 

10.81 

12.40 

94.7 

107.5 

753 

1251 

1441 

10.88 

12.52 

95.5 

108.6 

21 

85 

102 

0.08 

0.12 

0.9 

2.4 

E-2 

1.3 

11.0 

10.2 

2.8 

6.8 

7.1 

0.7 

1.0 

1.0 

2.2 




